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ABSTRACT 
The problem of this study was to determine whether fiberglass foam core sandwiches 
made with recycled epoxy/fiberglass have equal or better flatwise tension, shear, and peel 
(adhesion) mechanical properties when compared with composite sandwiches made with 
industry standard glass microballoons. Recycling epoxy/fiberglass products could save money 
by: 1) reusing cured composite materials, 2) consuming less virgin composite materials, 3) 
spending less on transportation and disposing of unusable composites, and 4) possibly 
enabling companies to sell their recycled composite powder to other manufacturers. 
This study used three mechanical property tests, which included; flatwise tensile test, 
shear test, and peel (adhesion) test. Each test used 300 samples for a combined total of 900 
sandwich test samples for this study. A factorial design with three independent variables was 
used. The first variable, filler type, had three levels: no filler, microballoon filler, and recycled 
epoxy/fiberglass filler. The second variable, foam density, had four levels; 3 lb/ft\ 4 Ib/ft^, 5 
Ib/ft^, and 6 Ib/ft^. The third variable, filler percentage ratio, had eight levels; 0%, 10%, 20%, 
30%, 40%, 50%, 60%, and 70%. 
The results of this study revealed two primary conclusions. The first conclusion was 
that sandwich test panels produced with recycled epoxy/fiberglass powder were equal or 
significantly better in tensile, shear, and peel (adhesion) strength than sandwiches produced 
with hollow glass microballoons. The second conclusion was that sandwich test panels 
produced with recycled epoxy/fiberglass powder were equal or significantly lighter in weight 
than sandwiches produced with hollow glass microballoons. 
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CHAPTER 1. INTRODUCTION 
Background of the Study 
Composite Sandwiches 
Composite sandwiches have been widely used in aerospace and marine industries since 
the early 1950s (Starlinger& Reif, 1996). In 1998, other industries such as building 
construction, transportation, recreation and sporting goods were also using foam sandwiches. 
Examples of composite foam sandwiches include; table tops, boat hulls, house walls and 
ceilings, aircraft floors, train frames, bus frames, and small bridges. 
Composite foam sandwich panels consist of a foam core material between two outer 
layers of reinforcement. The outer reinforcement layers are generally made up of fiberglass, 
graphite, kevlar, or aluminum. The foam core generally is made up of polystyrene, 
polyurethane, polyvinyl chloride, or syntactic foams. 
The reason for the growth in composite sandwich panel use in structural applications is 
primarily due to the panel's great strength-to-weight ratio. A composite sandwich with a 
foam core of four times the thickness of the combined reinforcements (two layers of 
reinforcements for each outer skin), is 37 times more rigid, and 10 times stronger, with an 
increase of only 6% in weight compared to a composite laminate of four plies. This strength-
to-weight ratio is the primary advantage of foam core composite sandwiches. Allowing a 
weight gain of only 6%, due to the addition of foam, will increase the composite panel's 
strength by 1000% (Foreman, 1990). 
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Three other positive characteristics that foam sandwiches have, compared to metal 
panels, are their resistance to bending and flexing forces, thermal insulation capabilities, and 
oxidation (Foreman, 1990; Starlinger & Reif, 1996; Strong, 1996). Bending and flexing 
forces, called cycling, will cause metal panels to become brittle and fracture, while foam 
sandwich panels do not have a cycling fatigue life. Metal panels need to be protected from 
moisture or they will become weak and fracture due to oxidation and corrosion. Most foam 
sandwich panels are not affected by water moisture. 
There is a standard procedure in producing fiberglass foam sandwiches (Reed, 1984; 
Aviation, n.d.; Foreman, 1990). The fiberglass skins are bonded to the foam during a one-
stage cure wet-layup process. One of the most critical steps in manufacturing a foam 
sandwich is producing a strong bond between the foam and fiberglass. According to Reed 
(1984): 
One of the most difficult procedures in sandwich construction is bonding 
the core to the laminate. Any void areas that are not bonded are potential 
areas for blistering and moisture accumulation causing more potential 
problems, (p. 7) 
An adhesive layer of thick resin needs to be applied between the foam and fiberglass to 
develop the proper bond. This thick resin, called slurry, will fill in all of the included angle 
voids of the foam. Figure 1-1 demonstrates that once the slurry is cured, the included angles 
act as locking mechanisms, because the circular voids are bigger than the openings. This 
locking effect, combined with a flatter surface for the fiberglass to adhere to, creates a better 
bond between the foam and fiberglass. 
Figure I-l. 
Included angle (created by cut foam cells) 
Expanded Upper-Half View of a Foam Sandwich 
The slurry needed for the fiberglass foam sandwich is produced by mixing hollow glass 
microballoons into the resin matrix. There are two primary reasons for the use of 
microballoons as fillers; 1) they are extremely light weight, and 2) they are cost effective. A 
gallon of hollow glass microballoons weigh less than 1 pound and cost approximately $7.00. 
Table 1-1 shows that if 5 gallons of resin/slurry were produced using a 40% filler percentage 
ratio (60% resin-to-40% microballoons), the total weight of the resin/slurry would be 18 
pounds lighter and $86 cheaper than 5 gallons of pure resin. 
Table 1-1. Epoxy Resin/Microballocns Filler Percentage Ratio 
(Total Weight and Total Cost Comparison) 
Epoxy Resin 
(# of gallons) 
Microballoons 
(# of gallons) 
Filler Percentage 
Ratio (%) 
Total Weight 
(pounds) 
Total Cost 
(dollars) 
5 0 0 50 250 
4 I 20 41 207 
3 2 40 32 164 
2 3 60 23 121 
Note: One gallon of epoxy resin costs approximately $50 and weighs about 10 pounds 
One gallon of hollow glass microballoons costs approximately $7 and weighs less than 
1 pound 
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There are two significant disadvantages to using microballoons in slurry. The first is 
the health hazard to those who work with glass microballoons. These hollow glass 
microballoons can cause irritation to the lungs when inhaled. It is extremely important to use 
a NIOSH approved respirator in accordance with OSHA regulations when working with glass 
microballoons. Since the microballoons are virtually weightless, they tend to float in the air 
with any physical or motional disturbance. According to the Material Safety Data Sheet 
(MSDS), inhalation of the microballoons can cause upper respiratory irritation or even lung 
damage. These symptoms can include, "... coughing, diflBculty breathing, wheezing, 
tightness in chest, congestion, and coughing up blood (Nielsen, 1995)." If microballoons float 
into the eyes, possible irritation, redness, or scratching and tearing of the cornea can occur. 
Skin contact with microballoons can also cause itching and redness (Nielson, 1995). 
The second disadvantages to the use of glass microballoons is the fact that they 
consume natural resources. Glass microballoons are made up of approximately 97% soda 
lime borosilicate glass and 3% amorphous silica (Neilson, 1995). These natural resources, 
along with energy, time, manpower, and money are being used to produce these 
microballoons. 
Recycling of Polymer Reinforced Composites 
The creation of foam sandwiches consumes the environment's raw natural resources, 
through the use of glass microballoons, but there is even a greater risk to our environment. 
When products made from foam sandwiches have served their useful life and are ready to be 
discarded, they often are discarded into landfills. Even though recycling of plastics has been 
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promoted and researched heavily, there has been little research documenting the amount of, 
and use, of recycled polymer reinforced composites (PRC), this includes composite foam 
sandwiches. A primary reason why the recycling of PRCs is encouraged is the fact that PRCs 
do not decompose. The difficulty of recycling PRC is due to the resin matrix being a 
thermoset material, such as polyester, epoxy, or vinyl ester resins. Thermoset materials 
cannot be reformed with heat once the product has cured (Foreman, 1990; Strong, 1996). 
Once a thermoset composite product has been damaged, there are two primary options; 
repairing the product or discarding the product. Examples of discarded PRC products that 
end up in landfills include bathtubs, sinks, kitchen counters, shower stalls, lawnmowers, and 
sporting/athletic equipment. Automobile junkyards also have thousands of damaged 
composite parts including bumpers, side panels, gas tanks, and doors. 
A second reason why PRC recycling is encouraged is that recycling would reduce the 
need for land used as landfills. The volume of discarded PRC products is a contributing factor 
in causing environmental landfill problems. They take up space in landfills, and will not 
decompose because they are produced with thermoset materials (Richardson & Lokensgard, 
1997). Landfills are becoming fiill and shutting down because of the large amount of waste 
not decomposing. According to Rathje & Murphy (1992), since 1978, approximately 14,000 
nationwide landfills have closed because of being full or due to other environmental issues. 
Even if it is true that there are many areas in the country with an abundance of land, there are 
many parts of the country, such as the Northeast, where that is not the case. According to 
Rathje and Murphy (1992), "In the congested Northeast there is not all that space left for 
landfills, at least not safe ones" (p. 8). Even if there is available land for new landfills, they are 
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very expensive to build and maintain. With the environmental legislative requirements for new 
landfills, the cost for a new landfill will range from $2.5 to $10 million per landfill (Solid 
Waste, 1995). 
One thought would be to bum the PRC, but the resins release toxic gases when burned 
(Foreman, 1990; Richardson & Lokensgard, 1997). Burning or incinerating plastics and 
composites is not the solution. Even though thermoset resins such as polyester, epoxy, and 
polyurethane are self-extinguishing, they still produce hazardous chemicals when burned. A 
few of these chemicals include hydrogen cyanide, carbon monoxide, and ammonia 
(Richardson & Lokensgard, 1997). There are guidelines and processing equipment that can 
incinerate plastics properly without producing hazardous components, but it is costly and time 
consuming. According to Strong (1996): 
.. . the risks associated with incineration are real. All things considered, 
source reduction and recycling are preferred over incineration and 
regeneration (also potentially polluting) for managing solid waste. 
Incineration, however, may be preferred over landfill, (p. 613) 
Because of the hazardous health risks and the continued use of raw natural resources, 
it would be beneficial for composite industries to find an alternative slurry filler to replace 
glass microballoons. At the same time, composite industries need to protect the environment 
and find a solution to prevent the disposing of cured composite products into landfills. 
Probiem of the Study 
The problem of this study was to determine whether fiberglass foam core sandwiches 
made with recycled epoxy/fiberglass have equal or better identified mechanical properties and 
weight properties when compared with composite sandwiches made with industry standard 
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glass microballoons on tests for flatwise tension strength, shear strength, and peel (adhesion) 
strength. An associated problem of the study was to determine the optimal combination of 
percent slurry and varying foam density for both glass microballoons sandwiches and recycled 
epoxy/fiberglass sandwiches. 
Purpose of the Study 
The purposes of this study were fourfold: 
1) To identify mechanical property parameters for the composite industry where recycled 
epoxy/fiberglass can be an alternative for glass microballoons in the construction of 
fiberglass foam core sandwich panels. 
2) To provide the composite industry with a viable use for recycled composite materials 
which can result in the reduction of composite materials in landfills. 
3) To provide the composite industry with a matrix of cost and weight toward the 
reduction of product cost for the mjinufacturer. 
4) To assist the principal investigator (PI) in developing a research agenda for continued 
growth in the profession. 
Need for the Study 
Composite manufacturers are paying large sums of money to have their composite 
wastes hauled to landfills. Once damaged, most composite products are useless and discarded 
into landfills. It would be desirable to have an alternative use for discarded cured composites 
besides filling up valuable landfill space. Japan is so concerned about unusable composites 
that in 1990, Japan's Recycling and Treatment Council (RTC) organized a committee to find a 
solution for the ". . . technological and social problems regarding recycling thermoset 
composites wastes" (Kitamura, 1995, p. 101). 
8 
Japan is being very aggressive in finding multiple solutions to recycling PRCs. In 
1995, Japan held a workshop on Disposal and Recycling of Organic (Polymeric) Construction 
Materials which was sponsored by the International Union of Testing and Research 
Laboratories for Materials and Structures (RILEM). There were seven presentations that 
focused on recycling of fiber reinforced polymers (FRP). All seven studies originated from 
Japan, while there were none from the United States. It appears that the U.S. has fallen 
behind in the advancement of recycling PRC materials (Ohama, 1995). 
The RILEM Workshop presenters stressed the need for continual pursuit to find 
recycling methods of PRCs. A few of the presenters' comments about this recycling need are 
listed below. In 1995, approximately 500,000 tons of fiberglass reinforced plastic products 
were produced, and the amount being used is still increasing every year. According to Kojima 
and Furukawa (1995); 
. . . the quantity of scrapped FRP [glass fiber reinforced plastics] is also 
increasing. But its disposal and recycling have constituted a great social 
problem, as there is no effective reusing system for it. (p. 137) 
According to Yamada and Mihashi (1995), 
Fine powder of waste FRP is now mainly used for filler material as 
recycling to the same products. Some applications such as 5% of recycled 
filler for rear spoiler of cars are reported. However rapid increasing of 
waste FRP . . . will cause much trouble if recycling of waste FRP for wide 
applications in not considered, (p. 157) 
According to Demura, Ohama and Satoh (1995), 
Although the waste FRP products have been reclaimed as industrial wastes 
till now, effective recycling methods for them should be examined from the 
viewpoints of environmental protection and resources exploitation in the 
near future, (p. 169) 
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The composite industry is obligated to find solutions to a growing problem caused by 
damaged or scrapped PRCs. One foam manufacturing engineer, Chris Kilbom, DIAB 
Divinycell International Inc, stated that there is a tremendous need for studying foam panels 
using alternative materials such as recycled fiberglass (C. Kilbom, personal communication, 
February, 1998). 
This study looked at the possibility of grinding unusable cured composites into a 
powder form and using this composite powder as a substitute for glass microballoons. If the 
results of the study show that recycled epoxy/fiberglass powder is a viable alternative, then 
this need can be met. This alternative could save money by: I) reusing cured composite 
materials, 2) consuming less virgin composite materials, 3) spending less on transportation and 
disposing of unusable composites, and 4) possibly enabling companies to sell their recycled 
composite powder to other manufacturers. There is already tremendous economical growth 
in recycling plastics. This recycling must also be achieved with polymer reinforced 
composites (Aiaisa, 1997). 
Hypotheses of the Study 
The following research hypotheses were tested: 
I) There was no significant difference in I) flatwise tension strength, 2) shear strength, 
and 3) peel (adhesion) strength between zero slurry, slurry prepared with glass 
microballoons and slurry prepared with recycled epoxy/fibergiass when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Ho: ail lafiiicrtype (factor A) are equal 
H,: some (^filler type (factor A) are not equal 
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2) There was no significant difference in 1) flatwise tension strength, 2) shear strength, 
and 3) peel (adhesion) strength when foam densities are varied when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Hg; all ^foamdeniity (factor B) are equal 
Hai some lafoondeniity (factor B) are not equal 
3) There was no significant difference in 1) flatwise tension strength, 2) shear strength, 
and 3) peel (adhesion) strength when filler percentage ratios in slurry are varied when 
used in the manufacturing of foam core sandwich panels with fiberglass outer skins. 
Ho. all ^filler peicenuge ntioi (factor C) aTc cqual 
H,; some Hfinerpereaii.ger.uo. (factor C) are not equal 
4) There was no two-way interaction between filler type and foam density in 1) flatwise 
tension strength, 2) shear strength, and 3) peel (adhesion) strength when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Hoi all Hfiiicrtjrpe*HfbMndemity(factorAB) are equal 
H,: some lifiuertype • Hfoandenuty (factor AB) are not equal 
5) There was no two-way interaction between filler type and filler percentage ratios in 1) 
flatwise tension strength, 2) shear strength, and 3) peel (adhesion) strength when used 
in the manufacturing of foam core sandwich panels with fiberglass outer skins. 
Ho; all |imiertype» HfiUer pereenuge ntio. (factor AC) are equal 
H,; some larjiertype» Hfiiierpereenu8er.iio. (factor AC) are not equal 
6) There was no two-way interaction between foam density and filler percentage ratios in 
1) flatwise tension strength, 2) shear strength, and 3) peel (adhesion) strength when 
used in the manufacturing of foam core sandwich panels with fiberglass outer skins. 
Ho. all l^ifoon demity * [^filler percenuge ntio. (faCtOr BC) arC eqUal 
H.; some Mfo.mden«ty » HHjierpen*nt.gcr«io. (factor BC) are not equal 
7) There was no three-way interaction between filler type, foam density and filler 
percentage ratios in I) flatwise tension strength, 2) shear strength, and 3) peel 
(adhesion) strength when used in the manufacturing of foam core sandwich panels 
with fiberglass outer skins. 
Hq. all (.Ifillcr type * l-tfonn denity * l^filler pcrccntige ratio* (faCtOr ABC) are equal 
Hi. some l^fiUertype* density * f^fillerpercenugeratio* (faCtOr ABC) are HOt equal 
11 
8) There was no significant difference in 1) flatwise tensile test sample weight, 2) shear 
test sample weight, and 3) peel (adhesion) test sample weight between zero slurry, 
slurry prepared with glass microballoons and slurry prepared with recycled 
epoxy/fiberglass when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
Hoi all |if,iier type (factor A) are equal 
H,; some Hfiiier type (factor A) are not equal 
9) There was no significant difference in 1) flatwise tensile test sample weight, 2) shear 
test sample weight, and 3) peel (adhesion) test sample weight when foam densities are 
varied when used in the manufacturing of foam core sandwich panels with fiberglass 
outer skins. 
Hoi all M^fiamdennty (factor B) are equal 
H.; some ^foimdeaity(factor B) are not equal 
10) There was no significant difference in 1) flatwise tensile test sample weight, 2) shear 
test sample weight, and 3) peel (adhesion) test sample weight when filler percentage 
ratios in slurry are varied when used in the manufacturing of foam core sandwich 
panels with fiberglass outer skins. 
Ho; all Hfiiierpen«u.ge ratio, (factor C) are equal 
H.; some Umierperxnugentio. (factor C) are not equal 
11) There was no two-way interaction between filler type and foam density in I) flatwise 
tensile test sample weight, 2) shear test sample weight, and 3) peel (adhesion) test 
sample weight when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
Ho; all Uraicrtype^ Hfoan deuity (factor AB) are equal 
H.; some |if.uertype* |ifo«nda».ty (factor AB) are not equal 
12) There was no two-way interaction between filler type and filler percentage ratios in 1) 
flatwise tensile test sample weight, 2) shear test sample weight, and 3) peel (adhesion) 
test sample weight when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
Ho; all HfiUcrtype * ^filler pen»a.ge raUo. (faCtOf AC) BTC equal 
H.; some ^mIertype» |if,u«rpenxnugeratio, (factor AC) are not equal 
13) There was no two-way interaction between foam density and filler percentage ratios in 
1) flatwise tensile test sample weight, 2) shear test sample weight, and 3) peel 
(adhesion) test sample weight when used in the manufacturing of foam core sandwich 
panels with fiberglass outer skins. 
Ho. all ^foam density * f^filler perecnUge rauo. (faCtOr BC) are equal 
H.; some ^fo«nde«.ty * ^iruierperoiiugerauo. (factor BC) are not equal 
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14) There was no three-way interaction between filler type, foam density and filler 
percentage ratios in I) flatwise tensile test sample weight, 2) shear test sample weight, 
and 3) peel (adhesion) test sample weight when used in the manufacturing of foam 
core sandwich panels with fiberglass outer skins. 
Hoi all ^fiUertype * ^foam deanty * fAfillerpereenttge ratio* (f^CtOr ABC) are CQUal 
Hal some [ifillertype* l^fosm density * HfUlerpercenUgeratio«(faCtOr ABC) are POt eC^Ual 
Assumptions of the Study 
1) All recycled epoxy/fiberglass filler was uniform in particle size. 
2) Filler percentages ratios were the same in both microbailoon slurry and 
epoxy/fiberglass slurry. 
3) Measuring instrumentation was accurate, and measured the characteristics intended to 
be measured. 
4) The clamp pressure used in the fabrication of the shear test sandwiches had no effect 
on strength. 
5) Cell means accurately portray the contents represented by the cell. 
6) Other variables not accounted for in the study were randomized throughout the 
experiment equally. 
Limitations of the Study 
1) There were only four foam cell densities used in this study (3 lb/ft^ 4 lb/ft^ 5 Ib/fl\ 
6 Ib/fl^). 
2) There was only one resin type used in this study. 
3) Epoxy resin and slurry were both mixed by hand in this study, compared to a 
consistent form of agitation. 
4) There were only five replication test pieces per cell type. 
5) The three mechanical property tests and procedures used were modified from ASTM 
standards (D. K-Y. Hsu, personal communication, February, 1998). 
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Procedure for the Study 
1) Determine the need for the study. 
2) Review the literature related to composite theory, recycling of composites and plastics, 
and environmental issues. 
3) Formulate the hypotheses based on the need for the study. 
4) Determine the necessary data to answer each test hypothesis. 
5) Prepare preliminary sandwiches to check feasibility and to assist in the instrumentation 
design. 
6) Perform test on preliminary sandwiches to assure feasibility of the study. 
7) Develop or locate the instrumentation needed to obtain data for the test hypotheses. 
8) Prepare the test sandwiches. Manufacture 300 testing pieces for each of the three 
tests (900 total sandwiches). Five replications were done for each variation of foam 
panel. 
9) Perform the mechanical testing on the test sandwiches. The three mechanical tests 
included: flatwise tensile test, shear test, and peel (adhesion) test. 
10) Record the data into the testing logbook. 
11) Analyze the data using SAS to determine acceptance or rejection of hypotheses. 
12) Write a final report, summary, conclusions, and recommendations based on the 
findings. 
13) Present the research findings and conclusions to the graduate committee members. 
Deflnition of Terms 
Bi-directional Cloth: a cloth in which the fibers run in various directions; usually 
woven together in two directions (Foreman, 1990). 
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Composites: two or more substances which are combined to produce material 
properties not present when either substance is used alone (Foreman, 1990). 
Composite sandwich panel: a class of laminar composites composed of a lightweight 
core materials (honeycomb, foamed plastics, etc.) to which two thin, dense, high-strength 
faces or skins are adhered (Richardson & Lokensgard, 1997). 
Cure: to change the physical properties of a material by chemical reaction, by the 
application of catalysts, heat and pressure, alone or in combination (Foreman, 1990). 
Divinvcell foam: a rigid, cross-linked polyvinyl foam with a closed inert gas-filled 
cellular structure that has been produced by DIAB-BARRACUDA in Northern Europe for 25 
years (Reed, 1984). 
Fiberijjass: a glass fiber produced by spirming mohen glass into long continuous 
fibers, used as a fiber reinforcement (Foreman, 1990). 
Fill fibers: fibers that run perpendicular to the selvage edge (Foreman, 1990). 
Fillers: additives to A-stage resins usually made to improve properties or reduce cost 
(Colling & Vasilos, 1995). 
Mechanical Properties: describe how materials will respond to the application of a 
force or load (Richardson & Lokensgard, 1997). 
Microballoons: hollow glass spheres (Strong, 1996). 
PEEK (Polvether ether ketone): a semi-crystalline thermoplastic engineering polymer, 
that exhibits good chemical and thermal resistance (Wood, Day, & Pang, 1996). 
Poisson's Ratio: three-dimensional stress caused by cross sectional shape, fiber array, 
and the interface properties between fiber and resin (Stellbrink, 1996). 
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Post-consumer plastic waste: plastic waste generated by a consumer (Richardson & 
Lokensgard, 1997). 
Pre-preg: Reinforcing material that Is pre-impregnated with resin (Foreman, 1990). 
Reinforced Plastics (RPV plastics with strength increased by addition of filler and 
reinforcing fibers, fabrics, or mats to the base resin (Richardson & Lokensgard, 1997). 
Selvage Edge: a manufactured woven edge on a reinforcement cloth that mns 
perpendicular to the cloth roll (Foreman, 1990). 
Slurry: a two-part mixture consisting of epoxy resin and filler, such as microballoons 
or recycled fiberglass (Aviation, n.d.). 
Syntactic Foam: cellular resins or plastics with low density fillers (Richardson & 
Lokensgard, 1997). 
Thermoset plastics: a polymer that is cross-linked and cannot be reshaped except by 
machining (Colling & Vasilos, 1995). 
Wet-lavup process: a method of making a reinforced product by applying the resin 
system as a liquid when the reinforcement is put in place (Foreman, 1990). 
Warp fibers: reinforcement fibers that run parallel to the selvage edge (Foreman, 
1990). 
16 
CHAPTER 2. REVIEW OF LITERATURE 
This chapter will review some pertinent studies related to the following topics; 
environmental issues, recycling of plastic and composite materials, composite material theory, 
foam characteristics, and filler percentage ratios and particle size characteristics. This 
information provides the underlying theory for this study. 
Environmental Issues 
Polymer reinforced plastics (RP) have been implemented in product designs since the 
1940s. Reinforced plastics usage has continued to increase in the United States. In 1995, 
there were 3.3 billion pounds ofRP consumed, compared to I985's consumption of 2.2 
billion pounds. Approximately one-third of all RPs consumed in the world is in the United 
States (Rosato, 1997). 
Plastics account for 19.9% by volume, and 8.0% by weight of all municipal solid waste 
landfill material (Strong, 1996). The overabundance of plastics in landfills was so large that 
by the end of 1994, 40 states had established legislated goals for recycling waste. In 
California, all non-food containers must have a minimum of 30% post-consumer recycled 
plastic (Richardson & Lokensgard, 1997). Even with plastic recycling, solid wastes being 
disposed in landfills continues to increase. In 1993, the residue remaining from the recycling 
shredders which includes plastics, glass, adhesives, and rubber, became 3 million tons of 
landfill waste. Currently, there are more pounds of plastic being used in manufacturing 
automobiles then ever before. This is a huge environmental problem, because it is estimated 
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that ten million automobiles in the U.S. are discarded every year (Richardson & Lokensgard, 
1997). 
Burning or incinerating plastics and composites is possible but not desirable. 
Thermoset resins such as polyester, epoxy, and polyurethane produce hazardous chemicals 
when burned. A few of these chemicals are hydrogen cyanide, carbon monoxide, and 
ammonia (Charrier, 1991; Richardson & Lokensgard, 1997). There is processing equipment 
that can incinerate plastics properly without producing hazardous components, but it is costly 
and time consuming. According to Strong (1996): 
.. . source reduction and recycling are preferred over incineration and 
regeneration (also potentially polluting) for managing solid waste. 
Incineration, however, may be preferred over landfill, (p. 613) 
Recycling 
Plastic Materials 
Recycling of plastics has been very profitable for companies that focus only on the 
reclamation of plastic materials. The reclamation of plastic materials consists of collecting, 
sorting, cleaning, and recycling. Approximately 7,000 communities with 15 million 
households in the United States have curbside recycling (Richardson & Lokensgard, 1997). 
The plastics industries invested over one billion dollars in the "... recovery and reclamation 
of post-consumer plastics between 1990 and 1995" (Plastics Resource, 1996). An 
independent company. Polymer Reclaim and Exchange (PR&E), was established in 1992 to 
clean and market post-consumer plastics. PR&E has proven itself to be a reliable supplier of 
reusable plastic that is clean and ready for commercial use. PR&E currently has the capacity 
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to clean and process one million pounds of plastic material per month (AJaisa, 1997). This 
reclaiming of plastic is possible because thermoplastic products are heated only once during 
the processing stage; hence, the material is essentially the same as virgin plastic. It has been 
found that commingled plastic waste can be effective in structural component applications at a 
minimum cost (Beaumont, 1994). Plastic manufacturers agree that the recycled 
thermoplastics' mechanical and physical properties are still the same as virgin plastic, but fear 
that customers of their products may feel the quality will be lower due to the reuse of the 
plastic materials. 
Companies are having economical and environmental success recycling plastic 
materials. When General Motors redesigned a new car bumper, the shipping trays that were 
used to transport the bumper from place to place became obsolete. GM decided to recycle all 
1.5 million pounds of the high density polyethylene obsolete shipping trays, and reuse the 
plastic. According to Alaisa (1997), "By regrinding the plastics. General Motors avoided 
substantial disposal costs and reused a high-performance resin to manufacture high-end value 
products" (p. 3). Two other large companies that have had similar success are Ford Motor 
Co. which has recycled over 250,000 pounds of clear acrylic tail lights, and The Vinyl Siding 
Institute which has developed a recycling program that reprocesses about 300,000 pounds of 
siding per month (Alaisa, 1997). 
Composite Materials 
Post-consumer polymer reinforced composites (PRCs) are extremely difficult to 
recycle. Post-consumer PRCs are products that have been used or consumed during the 
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product's normal use, rather than materials that have never left the manufacturer. PRCs are 
already difficult to recycle since they consist of cured thermoset materials, but other factors 
such as dirt, contamination, commingling of different products, and ultra-violet light 
breakdown, make recycling post-consumer products even harder. 
In 1990, Japan's Recycling and Treatment Council (RTC) organized a committee to 
find a solution for the "... technological and social problems regarding recycling thermoset 
composites wastes" (Kitamura, 1995, p. 101). Japan is taking seriously the need for finding 
solutions, while the United States is apparently looking at only the benefits of composite 
materials. The composite industry should join efforts with environmental agencies to help find 
recycling solutions to a growing problem caused by damaged or scrapped PRCs. 
There are three primary ways to recycle scrap composite products. The first recycling 
method is called the recycling-of-parts process, in which individual parts are used again to 
make new products. Fiberglass boat propellers are one example of a product which uses this 
process. If one of the three propeller blades brake, that particular blade is removed from the 
hub and replaced with a new blade. The second method is called the recycling-of-material 
process, in which the physical state of the recycled product is changed by grinding, cutting, 
etc. An example of this is grinding up a fiberglass panel and using the powder as a paint filler. 
This second recycling method is the basis of this study. The third method is called the 
degradation-process, where the fiber reinforced plastic is broken down into smaller molecules 
which make new chemical raw materials. An example of this is when a polyethylene fiberglass 
reinforced product is melted back into a liquid and then separated from the reinforcement 
fibers. This is primary done with thermoplastic materials. (Zogg, 1997). 
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There are few published studies dealing with recycling of post-consumer PRCs. A 
study by Kojima and Furukawa (1995) investigated the possibility of using FRP powder as 
aggregate in lightweight high-strength mortars. A bathtub was pulverized, by machine, to 
produce an average particle size of 15 nm. Tests were performed on mortars using three 
independent variables; temperature, pressure, and type of reinforcement. 
The results showed that mortars cured with high temperature were lighter than room 
temperature mortars and also were 2.5 times greater in bending strength and 3.5 times greater 
in compression strength. Pressurization improved mechanical strength by reducing the 
porosity caused by compacting the mortar. When reinforcements were added, asbestos was 
the only reinforcement that increased the mortar bending strength. The other reinforcements, 
which included fly ash fiber, polypropylene, vinyl, and carbon fiber, all decreased the 
mechanical strength. Based on the results, Kojima and Furukawa (1995) concluded that FRP 
mortars could be used in construction applications such as concrete pipe, concrete retaining 
walls, and concrete sidewalk flags. 
Yamada and Mihashi (1995) studied the flexural strength of extruded cement when 
containing FRP powder. The FRP powder was made fi'om used septic tanks. The septic 
tanks were made with sheet molding compound (SMC) that contained unsaturated-polyester 
resin, fiberglass, and calcium carbonate. Five different cement compounds were used in this 
study: cement containing 9.1% FRP powder, cement containing 13.3% FRP powder, cement 
containing 22.8% FRP powder, cement containing 9.1% silica sand, and cement containing no 
aggregates. 
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All of the cement compounds were extrudable, which resulted in test specimens with 
smooth surfaces and no cracks. Both the extrudability and bulk density decreased when the 
FRP content was increased. The flexural strength of cement containing FRP was dramatically 
decreased when the cement was cured with an autoclave. According to the authors, the 
cement mixtures that contained FRP and were cured in an autoclave had lower flexural 
strength due to the degradation of the fiberglass. When specimens were cured in water, the 
cement mixture containing 9.1% FRP powder showed the greatest flexural strength of all the 
mixtures. Yamada and Mihashi believe that this was caused by the reinforcement effect of the 
fiberglass. Increasing the volume content of FRP powder also decreased the flexural modulus 
of elasticity while increasing the water absorption ratio. 
Iji and Yokoyama (1995) performed a study on the possibility of recycling electronic 
printed circuit board scraps. These circuit board scraps were produced during the cutting and 
trinuning stage in the circuit board manufacturing process. The scraps consisted of 10-20% of 
all materials used in the production of the printed circuit boards. The circuit board scraps 
consisted of epoxy resin, fiberglass, and copper. The scraps were pulverized and then 
separated into either copper powder or epoxy/fiberglass powder. The epoxy resin particle 
size was the smallest of the three components followed by the fiberglass particles, and the 
largest particles contained the copper. More than 90% of the copper was recovered within 
the scrap waste. 
The epoxy/fiberglass powder was tested as a filler for adhesives, paints, and polymer 
mortars. For their study, the recycled epoxy/fiberglass powder accounted for 32% of the total 
epoxy resin compound used in paints and adhesives. The epoxy/fiberglass powder was 
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compared to conventional paint and adhesive fillers such as talc and calcium carbonate. The 
paint and adhesives with recycled epoxy/fiberglass powder had better tensile strength, flexural 
strength, and impact strength than the paint and adhesives with the talc and calcium carbonate 
fillers. The addition of recycled epoxy/fiberglass also decreased the coefficient of thermal 
expansion of the epoxy resin compound (Iji & Yokoyama, 1995). 
Recycled epoxy/fiberglass filler was also tested in polymer mortars. The mortars 
consisted of filler, silica sand and binder. The results showed that the epoxy/fiberglass filler 
was equivalent to calcium carbonate powder in flexural and compressive strengths. Iji and 
Yokoyama (1995) concluded that the recycling of printed circuit board waste into 
epoxy/fiberglass powder can be used as a filler or a decorating agent for resin type 
construction materials. 
Kitamura (1995) reported on a study that involved Toyota adding recycled FRP to 
three of their sheet molding compound applications. Toyota took cured ETIP scrap fi-om the 
factory, pulverized it, and then used the powder as a replacement for the standard calcium 
carbonate. The following mechanical and physical properties were the same in panels with or 
without the recycled FRC; tensile strength, tensile modulus, flexural strength, flexural 
modulus, izod impact strength, specific gravity, and the percent of shrinkage. The study 
showed that Toyota could add up to 20% recycled FRP powder into the Toyota Sprinter 
Carib's Roof-inner Rack. Toyota also has added recycled FRP powder in the Toyota Supra's 
spoiler, and in the Land Cruiser's cylinder head cover for the diesel engine. 
A study was performed in the area of recycling carbon fiber-peek composites. This 
study was to simulate excess scraps that were produced due to trimming the pre-preg to fit 
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the moid. Unidirectional continuous carbon fiber pre-preg was trimmed off the roll, shredded 
into smaller strips, compounded with PEEK resin, and then molded into a short fiber product 
by the use of an injection molder. Additional PEEK resin had to be added to produce a 
quality injected molded part. The fiber-to-resin ratio was lowered to 25% fiber and 75% resin 
content. The results of the tensile test demonstrated that the recycled composite was 
approximately 25% stronger than the commercial composite material, while both materials' 
flexural properties were similar. The researcher explained that this could have been caused by 
the large degree of crystallization in the recycled material due to the added PEEK, causing the 
matrix-to-fiber bond to become better (Wood, Day, & Pang, 1996). 
One potentially problematic observation fi-om the study was that there may not be 
sufficient scrap to make the recycling process practical. According to Wood, Day, and Pang 
(1996); 
. . . whilst the economics of the process seem advantageous, it should be 
remembered that the quantity of oflfcuts produced is limited and probably 
widely distributed. Hence there may be a problem obtaining sufficient 
material to set up a conmiercial scale reprocessing facility, (p. 151) 
In this situation, it may be environmentally efficient to use scrap materials, but there may not 
be enough scrap to make the process profitable. 
In another similar study, Zogg (1997) also concluded that better mechanical properties 
were achieved in recycled RPs with fiber content of 50% or greater. Zogg explains that there 
were two primary reasons for the improved mechanical properties. The first reason for 
improvement was that the recycled fibers were longer then the ordinary short fibers. The 
second factor was that the recycled RPs had good resin and fiber propenies (Zogg, 1997). 
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Composite Material Theory 
Polymer reinforced composites (PRCs) are the most widely used of the engineering 
composite materials. Composite materials consist of two or more substances combined to 
produce new material properties that were not present when either substance was used alone 
(Foreman, 1990). PRCs are composed of three sections: 1) the reinforcement fibers (gives 
the part its strength and stifihess), 2) the matrix (holds fibers together and distributes the 
load), and 3) the interface zone between the fibers and matrix (Jacobs, 1994). Composite 
materials have crossed over into all types of industries and products. A few of these industries 
are; transportation, marine, aerospace/aircraft, electronics, building construction, and 
sporting goods. The products include; cars, boats, surfboards, homebuilt aircraft, bridges, 
bathtubs, and golf clubs (Foreman, 1990; Rosato, 1997; Charrier, 1991). 
The primary advantage of PRCs is their strength-to-weight ratio. Composites are 
normally 20% lighter than aluminum and have 30% more tensile and compression strength 
than aluminum (Foreman, 1990). The weight of an automobile, boat, or aircraft contributes to 
how much fuel will be used during operation. For example, one extra pound of weight on an 
aircraft can consume 100 gallons of fiiel per year. Composite materials have reduced the 
weight of the Boeing 767 by over 2,000 pounds, resulting in a savings of 200,000 gallons of 
fuel per year per aircraft (Langston, 1985). 
Design flexibility, is another tremendous advantage of composites. Engineers and 
technicians have the freedom to explore other design dimensions besides the typical geometric 
shapes used in most metal and wood applications. With design flexibility, it is possible to 
reduce the weight and cost of a product even though the reinforcement material may cost 
25 
more than the original metal or wood material. For example, composite materials are now 
being substituted for aluminum on the vertical fin of a Lockheed L-1011. Without using the 
traditional rivets and other metal practices, Lockheed used 6 fewer ribs, 525 fewer parts, and 
34,060 fewer fasteners per aircraft. Not only was the composite vertical fin 28% lighter than 
aluminum, it was also less expensive because of fewer parts and fasteners and less labor time 
(Foreman, 1990). 
A few other reasons to use composite materials are (Foreman, 1990; Richardson & 
Lokensgard,1997; Strong, 1996; Jacobs, 1994); to increase toughness (impact strength), to 
increase stif&ess or dimensional stability, to decrease thermal expansion, to modify electrical 
properties, and to increase chemical wear and corrosion resistance. 
An engineer or technician can design the PRC products to have a wide spectrum of 
advantages. Using 20% to 40% fiber reinforcement in the plastic will double the strength and 
stiffness of the plastic resin. Continuous fibers will quadruple the strength and stiffness while 
decreasing the thermal expansion and creep rate (Jacobs, 1994). Designing a product to have 
a particular advantage can also have a negative affect on the overall product. For example, 
one type of composite reinforcement is graphite. A few advantages of graphite are its light 
weight and stiflftiess, but a disadvantage is the extremely high cost. Choosing graphite may 
reduce the weight of the product by 12 pounds, but may cost an extra $250 in materials. 
The primary disadvantages of PRCs relate to cost. The three biggest factors 
associated with cost are fiber reinforcements, resin, and heating equipment. The average cost 
of reinforcement materials such as graphite, kevlar, and fiberglass are $45, $20, and $7, 
respectively. Epoxy resins cost between $40-$200 per gallon, depending on whether the resin 
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needs to have high temperature capabilities. Many resin systems need to have heat for the 
resin to cure properly. Ovens can range from $1,000 to millions of dollars for a large 
autoclave. A few other disadvantages of PRCs include: inconsistent processing/fabrication 
results from wet lay-up applications, toxic resins, and the fiber reinforcement dust contains 
carcinogens. 
Composite Foam Sandwich Panels 
The primary functions of the outer layers of the composite sandwich are; 1) to transfer 
tensile and compression forces throughout the sandwich, and 2) give a durable and protective 
surface to the sandwich panel. The primary functions of the core material are: 1) to keep 
outer layers a constant distance apart, which helps transfer stress evenly, and 2) to take up 
shear forces caused by loading and bending of the sandwich panel. 
According to Reed (1984): 
One of the most difficult procedures in sandwich construction is bonding 
the core to the laminate. Any void areas that are not bonded are potential 
areas for blistering and moisture accumulation causing more potential 
problems. Divinycell polyvinyl foam core will resist moisture penetration; 
however, pockets of water may freeze and cause delamination problems by 
virtue of expansion. The most popular way to assure a good bond has 
been the use of a vacuum bag system, or extensive weights. These can be 
costly and time consuming and therefore are not popular on most 
production parts, (p. 7) 
The Divinycell foam should be bonded to the reinforcement skins with either MAT fibers or 
" . . . a thickened resin or putty" (Reed, 1984, p. 5). DIAB-BARRACUDA recommends their 
own Divilette System as the thickened resin, but microballoon slurry and the recycled 
fiberglass/epoxy slurry will be used for this study. According to McGowen (1996): 
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The level of interaction between filler and matrix in a composite is 
responsible for determining the overall properties. Therefore, optimum 
bonding between filler and matrix is a necessary element in achieving good 
composite properties, (abstract) 
Carlson (1995) performed a study on 3-D woven composites using a modified resin 
that contained microballoons. The results showed the following: 1) the composite product 
would decrease in density with the addition of microballoons, 2) equally distributed 
microballoons throughout the product usually improved the product's mechanical properties, 
and 3) if microballoons were not equally distributed in the product, mechanical properties 
would be severely decreased. 
Foam Characteristics 
Divinycell foam is manufactured in densities ranging fi-om 2 to 18 pounds per cubic 
foot. An advantage of Divinycell foam is its compatibility with epoxy resins, polyester resins, 
and vinyl ester resins that have been properly promoted and catalyzed. Divinycell will not 
break down into powder like other types of foam. According to Reed (1984), "Government 
tests for fatigue showed no change in values for samples deflected 10 million times up to 21 
percent of ultimate load" (p. 12). Other advantages of Divinycell foam include: its ability to 
fiinction in high operating temperatures (up to 160 °F), its good insulation value, its ability to 
self-extinguish, its low toxicity, its very low water vapor permeability, and its resistance to 
gasoline, diesel, oil, and rot (Reed, 1984). 
Divinycell is manufactured in three primary stages. The first stage involves the mixing 
of polyvinyl chloride (PVC), photalic anhydride, stabilizers, and blowing agents into a 
plastisol. The plastisol is placed into aluminum molds and stacked under pressure during the 
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application of heat. This produces a material substance, called an embryo. In the second 
stage, the embryos are submerged in hot water tanks, where the material will expand to the 
proper density. The density is determined by the length of time the embryos are submerged. 
This could be a few hours to several days. After the desired density has been reached, the 
material is removed from the water and placed into a conditioning room for further hardening. 
The first two stages are performed under a controlled environment; this includes temperature, 
time, cycling, and measurements. The final stage is the finishing stage. This is where the 
material is sliced into sheets, by a bandsaw, and boxed for shipment. If necessary, this is also 
the stage where the foam scoring or backing of fiberglass is applied to the foam (Reed, 1984). 
In a study using three-phase foam, the foam density and bubble size had the greatest 
impact on the properties of the foam (Den Engelsen, 1996). The general rule concerning 
foam density is that the smaller the bubble size, the greater the foam density. However, this is 
not always true. Research has shown that microcellular foams can be produced with different 
processing conditions to have the same density but with different cell sizes. Also, cell size 
does not affect the tensile properties of the microcellular structures (Weller, 1996). This 
means that the relative density is the primary variable of concern. Yield stress, stress at break, 
stifl5iess, and toughness are all properties which decrease when foam density decreases 
(Weller, 1996). 
Filler Percentage Ratios and Particle Size Characteristics 
Studies dealing with optimal filler percentages and particle sizes have been performed 
on many different materials and chemicals, including composites. The following sample of 
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studies were taken from research conducted between 1994 and 1998 Even though different 
material compositions respond to different treatments, there are still overriding principles that 
are present in most processing applications. 
Adding or increasing the filler percentage ratio in a RP will have a dramatic effect on 
the modulus of elasticity. The following two studies showed that there was still good 
adhesion between matrix and filler when the filler percentage ratio was increased. Li (1994) 
concluded that a 5% compatibilizer could change the modulus of elasticity up to 50% on 
commingled blends of recycled high density polyethylene (HDPE) with virgin expanded 
polystyrene. Brogan (1996) reported two primary findings pertaining to the filler percentage 
ratios in thermally sprayed polymer systems. The elastic modulus increased linearly when 
increasing the filler percentage ratio, and the tensile modulus changed from brittle to ductile as 
the percentage of filler increased. 
A comparison study of filler percentage ratios of microballoon fillers on the 
mechanical and dielectric properties of polyurethane syntactic foam was conducted by 
Andrusaitis (1994). Increasing the filler content had the following effects on the foam: 1) the 
tensile modulus increased, 2) Poisson's ratio decreased, and 3) the shear modulus of the foam 
increased. According to Wang's (1994) study on epoxy-based composites using a specific 
type of clay, mica, and hydrotalcite as fillers and reinforcements, the overall strength 
decreased, but the tensile modulus increased when increasing the mineral percentage up to 
35% by weight. 
Tensile strength is also affected by the percentage of filler added to RPs. Chen (1994) 
showed that tensile failure properties were improved by adding asphalt-mineral fillers. His 
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study also showed that there were good adhesion characteristics present even with the fillers. 
Hall's (1994) research findings document that tensile strength increases when increasing 
silicon carbide particle reinforcement volume fi-actions of 0.10 to 0.40 while decreasing 
particle size. 
Fracture resistance or fatigue characteristics are also improved when filler percentage 
is increased. A study of fiber-reinforced and hybrid particle toughened composites was 
performed by Ajbani (1996). He found that by increasing the fiber volume percentages, there 
was a decrease in fiacture energy. For the high fiber percentages, there was a two-fold 
increase in fi^acture energy values compared to unmodified composites. Hall's (1994) study 
on silicon carbide particle reinforced aluminum alloys showed that fatigue life, initiation 
fatigue life to total life, and yield strength increased when increasing reinforcement volume 
firactions of 0.10 to 0.40 while decreasing the particle size. The occurrence of particle 
firacture during crack propagation continued to increase when both the filler percentage ratio 
and particle size were increased. In a study by Apgar (1995), it was determined that both 
15% and 30% filler percentage ratios improved the crack extension resistance behavior in 
metallurgy composites. The 30% volume of spherical particles needed to have a particular 
filler shape, while the 15% volume was not affected by filler shape. The filler increased the 
toughness of the unmodified matrix fi"om 67% to over 120%. 
There have been several studies examining the physical and environmental effects on 
polypropylene (PP) and high density polyethylene (HDPE) wood-plastic composites. The 
results of Georgiev's (1995) study showed that boards with high filler percentage ratios had 
superior screw holding strength and met all required technical standards needed for fiamiture. 
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Naghipour (1996) examined the effects of environmental and fungal exposure using five 
different percentages of wood filler; 40%, 50%, 60%, 70%, and 80%. The results showed 
that moisture absorption increased with the increase in filler percentage ratios, but that fungus 
caused significant strength and mass loss in the wood-plastic composites filler percentage 
ratios above 60%. 
It has been shown that particle size affects the density, uniform consistency, particle 
displacement, and crack-free characteristics (Apgar, 1995). After studying the use of 
polydimethylsiloxane with composites. Yuan (1996) had two conclusion concerning particle 
size. The first conclusion was that the smaller the particle filler size, the higher the stress 
levels the composite part was capable of withstanding. Second, the smaller the particle size 
the higher the normalized modulus above the non-reinforced fillers. 
Thompson (1994) showed that maximum stress in the debonding behavior of small 
ductile particles in ceramics decreased as the particle diameter increased. The maximum stress 
of 1 micron particles was 18 times greater than bulk platinum's yield strength. All of the 
samples using the 6 and 12 micron particles experienced catastrophic failure under low 
amounts of load, while the smaller 1 micron particle samples remained completely bonded. 
Thompson also concluded that plastic deformation was related inversely with the particle 
diameter, specifically less than 2 microns (Thompson, 1994). 
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CHAPTERS. METHODOLOGY 
The methods and procedures used to conduct this study are described in this chapter. 
This chapter is organized into the following seven sections: Population of the Study, Sample 
of the Study, Variables of the Study, Data Collection Methods, Instrumentation, Data Input, 
and Statistical Analysis of Data. 
Population of the Study 
The population of this study was composite foam sandwich panels made with 
Divinycell's polyvinyl foam, Hexcell's 8.8 oz. bi-directional fiberglass, and Aeropoxy's 
PR2032 epoxy resin with PH3660 hardener. 
Sample of the Study 
The sample of this study was comprised of two parts. One half of the sample 
consisted of 450 composite foam sandwich panels made with Divinycell's polyvinyl foam, 
Hexcell's 8.8 oz. bi-directional fiberglass, Aeropoxy's PR2032 epoxy resin with PH3660 
hardener, and 3M's B23/500 hollow glass microballoons. The second half of the sample 
consisted of 450 composite foam sandwich panels made with Divinycell's polyvinyl foam, 
Hexcell's 8.8 oz. bi-directional fiberglass, Aeropoxy's PR2032 epoxy resin with PH3660 
hardener, and recycled epoxy/fiberglass powder. 
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Preparation of Sample Sandwich Test Panels 
All sample sandwich test panels were made with a wet-layup process using 8oz. bi­
directional E-fiberglass, Aeropoxy PR2032 epoxy resin with PH3660 hardener, and Divinycell 
polyvinyl chloride foam. The sample panels were produced using two layers of fiberglass, 
3/8-inch foam, followed by another two layers of fiberglass. The fiberglass was cut at a 0-
degree fiber orientation angle. All test panels were manufactured, maintained, and tested in 
temperatures that ranged fi'om 70-78 and with a humidity level that ranged fi"om 45-55%. 
Each mechanical test required different dimensional specifications for the panels to be tested, 
these specifications are discussed later in this chapter. 
Epoxy Resin 
The epoxy resin (Aeropoxy PR2032 epoxy resin with PH3660 hardener) was 
measured using a calibrated resin pump, manufactured by J & B Products, to achieve the 
correct A:B ratio of resin-to-hardener (Figure 3-1). The resin was stirred by hand for two 
minutes before adding the specific filler type to make the slurry and applying it to the 
fiberglass. The fiber-to-resin ratio used for the fiberglass layers was approximately 55% fiber 
to 45% (+/- 5%) resin by weight. The manufacturer's technical data sheet indicates that the 
resin should be cured for seven days at 77®F (Aeropoxy Technical Support Staff, personal 
communication, April, 1998). 
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Figure 3-1. Calibrated Resin Pump 
Slurry 
After stirring the pure epoxy resin for two minutes, the specific filler type was then 
added to the resin. The filler was carefiilly poured on top of the resin and then stirred again 
by hand. The slurry mixture was stirred one minute for every 10% of filler added. For 
example, a 40% slurry mixture was stirred for four minutes. In this case, the resin was stirred 
for a total of six minutes (two minutes for the pure resin and then an additional four minutes 
for the filler). The slurry was applied to the foam by pouring the slurry directly on the foam. 
A plastic squeegee was used to spread the slurry over the entire face and back of the foam. 
The squeegee forced the slurry into the foam cells, and also helped to create a consistent thin 
film of slurry. This procedure was followed precisely according to the Burt Rutan video 
demonstration (Aviation, n.d.). 
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Recycled Epoxy/Fiberglass Powder 
For this study, ten solid fiberglass laminate panels were produced in a 
polymer/composite laboratory and were later used to make the alternative recycled 
epoxy/fiberglass filler. All ten panels were made with six layers of fiberglass and had the 
dimensions of 6" x 8." These panels were produced with the same type of epoxy resin 
(Aeropoxy PR2032 epoxy resin with PIC660 hardener) and fiberglass (Hexcell 8.8 oz. bi­
directional) that were used to manufacture the fiberglass and foam core sandwich panels for 
this study. A pneumatic hand held die grinder with a 36 grit sanding pad was used to grind 
the solid fiberglass laminates into powder. The powder was collected and then stored in a 
plastic gallon container. A small food strainer was used to filter out the larger particles of 
fiber and resin. 
Fabrication of the Samples for the Flatwise Tensile Strength Test 
The following steps were used to produce the 300 1" x 1" flatwise tensile test 
sandwich panels needed for this study (Figure 3-2). 
1. Cut by hand, using standard scissors, 240 plies of fiberglass to the dimensions of 
2" x 7." This was done by: 
a. cutting two plies of fiberglass to the dimensions of 32" x 56," 
b. removing one warp fiber every 2" on both large plies of fiberglass, 
c. removing one fill fiber every 7" on both large plies of fiberglass, and then 
d. cutting out all 2" x 7" plies on both large plies of fiberglass. 
2. Cut by hand, using a utility knife, 15 plies of each foam density to the dimensions 
of 2" X 7." This was done by; 
a. cutting one ply of each foam density to the dimensions of 7" x 30," 
b. cutting the foam into 2" strips, which yielded 15 plies of each foam density. 
36 
3. Cut, using a circular table saw, and glue 120 oak boards into a T-shape (Figure 3-
2). The top of the T's dimensions are 2" x 7" x 0.70." The tail of the T's 
dimensions are 1.25" x 7" x 0.70." This was done by: 
a. cutting seven oak boards to the dimensions of 2" x 10' x 0.70," 
b. cutting seven oak boards to the dimensions of 1.25" x 10' x 0.70" 
c. gluing and clamping the two boards together making a T-shape, and then 
d. cutting the T-shaped oak boards into 7" strips after the glue had dried. 
After all of the necessary materials were prepared, the sandwich panel assembly 
process began. Eight separate tables were used, one for each filler percentage ratio used. 
Table one consisted of 0% slurry, while table eight consisted of 70% slurr\'. There were two 
wet-layup stations on each of the eight tables. Each table had one station that used glass 
microballoons and a second station that used recycled epoxy/fiberglass as a filler. Both 
stations used the same percentage of slurry, along with all four foam densities. All of the test 
sandwich panels at each table were completed before proceeding to the next table. 
Figure 3-2 shows an exploded view of how the tensile test sandwich panels were 
made. The bottom two fiberglass plies of all four related test cells (i.e., C5, C6, C7, C8; or 
C45, C46, C47, C48) were laid-up at one time using pure epoxy resin. These two plies were 
laid-up on top of the oak "T' that was first coated with a layer of pure resin. The slurry then 
was mixed according to the filler percentage ratio specifications and applied to each foam 
density according to the cell specifications. The final two plies of fiberglass then were applied 
to the foam using pure resin. Another oak "T," coated with pure resin, was placed on top of 
the completed fiberglass foam panel. A preliminary test showed that red oak was strong 
enough for the T-shaped attachments. Both ponderosa pine and plywood T-shaped 
attachments were also tried, but they always fi"actured before the sandwich test panels. 
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Figure 3-2. Exploded View of a Tensile Test Sandwich Panel 
After ail 60 test panels were cured for seven days, the 2" x 7" panels were cut, using a 
band saw, into the final testing dimensions of I" x 1." This produced five identical test 
sandwich panels, allowing five replications for each test. Each testing panel then received a 
cell number and replication number, such as C7-1 (see Data Collection Methods, p. 43, for 
further explanation). The cell number documented the filler type, the foam type, and the filler 
percentage ratio of the slurry. The cell number was always written on top of the oak "T" to 
later determine if there was a difference in how the fiberglass foam panels were manufactured. 
Each panel was weighed to the nearest tenth of a gram before being tested. 
Fabrication of the Samples for the Shear Strength Test 
The following steps were used to produce the 300 2" x 3.5" shear test sandwich panels 
needed for this study (Figure 3-3). 
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Figure 3-3. Exploded View of a Shear Test Sandwich Panel 
1. Cut by hand, using standard scissors, 240 plies of fiberglass to the dimensions of 
3.5" X 11." This was done by: 
a. cutting six plies of fiberglass to the dimensions of 35" x 44," 
b. removing one warp fiber every 3.5" on all six large plies of fiberglass, 
c. removing one fill fiber every 11" on all six large plies of fiberglass, and then 
d. cutting out all 3.5" x 11" plies on all six large plies of fiberglass. 
2. Cut by hand, using a utility knife, 15 plies of each foam density to the dimensions 
of 3.5" X II." This was done by: 
a. cutting one ply of each foam density to the dimensions of 11" x 52.5," 
b. cutting the foam into 3.5" strips, which yielded 15 plies of each foam 
density. 
3. Cut, using a circular saw, 120 boards of^^" pine to the dimensions of 6" x II." 
This was done by; 
a. cutting eight pine boards to the dimensions of 6" x 88," and then 
b. cutting 11" strips from all eight pine boards. 
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The assembly process, using eight tables with two stations at each table, was the same 
for making these test samples as for making the flatwise tensile test. Figure 3-3 shows an 
exploded view of how the shear test sandwich panels were made. The bottom two fiberglass 
plies of all four related test cells (i.e., C5, C6, C7, C8; or C45, C46, C47, C48) were laid-up 
at one time using pure epoxy resin. These plies were laid-up on top of pine boards that were 
first coated with z. layer of pure resin. The slurry then was mixed according to the filler 
percentage ratio specifications and applied to each foam density according to the cell 
specifications. The final two plies of fiberglass then were applied to the foam using pure resin, 
Another pine board, coated with pure resin, was placed on top of the completed fiberglass 
foam panel. A preliminary test showed that ponderosa pine was strong enough for the shear 
test attachments. Plywood attachments were also tried, but the adhesive used between wood 
layers always separated before the sandwich test panels. Pine was selected over oak because 
of the lower cost. Wood clamps with under three pounds of pressure were used to keep the 
top board fi"om tipping or sliding off the foam panel. 
After all 60 test panels were cured for seven days, the 6" x 11" panels were cut, using 
a band saw, into the final testing dimensions of 3.5" x 11." This produced five identical test 
sandwich panels, allowing five replications for each test cell. Each testing panel was given an 
identification number and weighed to the nearest tenth of a gram before being tested. 
Fabrication of the Samples for the Peel (Adhesion) Strength Test 
The following steps were used to produce the 300 1.5" x 8" with a 2" extension for 
the peel (adhesion) test sandwich panels needed for this study (Figure 3-4). 
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1. Cut by hand, using standard scissors, 120 plies of fiberglass to the dimensions of 8" 
x8.5." This was done by; 
a. cutting five plies of fiberglass to the dimensions of 32" x 51 
b. removing one warp fiber every 8" on all five large plies of fiberglass. 
c. removing one fill fiber every 8.5" on all five large plies of fiberglass, then 
d. cutting out all 8" x 8.5" plies on all five large plies of fiberglass. 
2. Cut by hand, using standard scissors, 120 plies of fiberglass to the dimensions of 
8.5" X 10." This was done by; 
a. cutting five plies of fiberglass to the dimensions of 34" x 60," 
b. removing one warp fiber every 8.5" on all five large plies of fiberglass, 
c. removing one fill fiber every 10" on all five large plies of fiberglass, then 
d. cutting out all 8.5" x 10" plies on all five large plies of fiberglass. 
3. Cut by hand, using a utility knife, 15 plies of each foam density to the dimensions 
of 8" X 8.5." This was done by; 
a. cutting three plies of each foam density to the dimensions of 8" x 42.5," 
b. cutting the foam into 8.5" strips, which yielded 15 plies of each foam 
density. 
4. Cut, using a circular saw, 60 boards of 7/8" plywood to the dimensions of 8.5" x 
12." This was done by: 
a. cutting six plywood boards to the dimensions of 85.5" x 12,' then 
b. cutting 8.5" strips from all six plywood boards. 
The assembly process, using eight tables with two stations at each table, was the same 
for making these test samples as for making the samples for the previous two tests. Figure 3-
4 shows an exploded view of how the peel (adhesion) test sandwich panels were made. The 
bottom two 8" X 8.5" fiberglass plies of all four related test cells (i.e., C5, C6, C7, C8; or C45, 
C46, C47, C48) were laid-up at one time using pure epoxy resin. These plies were laid-up on 
top of the plywood that were first coated with a layer of pure resin. The siurr>' was mixed 
according to the filler percentage ratio specifications and then applied to each foam density 
according to the cell specifications. The final two 8.5" x 10" plies of fiberglass then were 
applied to the foam using pure resin. A preliminary test showed that 7-ply plywood was 
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Figure 3-4. Exploded View of a Peel (adhesion) Test Sandwich Panels 
strong enough for the peel (adhesion) test lower attachment. Plywood was used over other 
types of wood because of its lower cost. 
After all 60 test panels were cured for seven days, the panels were cut, using a band 
saw, into the final testing dimensions of 1.5" x 10.0." This produced five identical test 
sandwich panels, allowing five replications for each test cell. Each testing panel was given an 
identification number and weighed to the nearest tenth of a gram before being tested. 
Variables of the Study 
The following independent and dependent variables were identified as part of this 
study. 
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Independent Variables 
There were three independent variables in this study; filler type, foam density, and 
percent slurry. The experimental design showing the independent variables in found in Table 
3-1. The three types of fillers used in this study were; no filler, the industry standard hollow 
glass microballoons filler, and a fiature alternative filler consisting of recycled epoxy/fiberglass. 
The foam material consisted of polyvinyl chloride, and was manufactured by Divinycell 
International. Four different foam densities were used in this study, they were: 3 Ib/fl^, 4 
Ib/fl^, 5 Ib/fl^, and 6 Ib/fl^. A heavier foam weight, produces a smaller cell size and more 
dense foam. 
The filler percentage ratios of the slurry ranged fi'om 0% (pure resin) to 70% filler, at 
10% increments. A preliminary test showed that both microballoons and recycled 
epoxy/fiberglass slurry became unworkable above 70%. The slurry became a non-liquid, 
crumbly, grainy powder that would not adhere to the foam. Due to the these conditions, the 
accuracy of the filler percentage ratio could not be maintained above 70%. 
Dependent Variables 
There were three dependent variables in this study; flatwise tensile strength, shear 
strength, and peel (adhesion) strength. Each of these mechanical property tests measures 
different adhesive strength. Flatwise tensile strength and shear strength were recorded in 
pounds per square inch (psi), and peel (adhesion) strength outcomes were documented in 
pounds. 
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Data Collection Methods 
Ail 300 sandwich test panels for each mechanical property test received an 
identification number. Each identification number had two parts: the research design matrix 
cell number and the replication number within each cell. Cell One (Cl) began in the upper left 
hand comer of the cell identification matrix. The cell numbering system continued to move 
left to the next column until there were no fiirther columns, then moved down to the next 
adjacent row (Table 3-1). Replication number one (i.e. Cl - I or C7 - 1, etc.) was always the 
first sample piece removed fi-om the host panel, located at the uppermost part of the host 
panel. Figure 3-5 illustrates how the replication numbers were assigned. 
Table 3-1. Cell Identification Matrix 
Glass Microballoons Recycled Epoxy/Fiberglnss 
Foam Density Foam Density 
3 
lb/ft' 
4 
lb/ft' 
5 
Ib/ft^ 
6 
Ib/ft^ 
3 
lb/ft' 
4 
Ib/ft^ 
5 
lb/ft' 
6 
Ib/ft^ 
AVE. 
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r 
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ta
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0% Cl C2 C3 C4 NA NA NA NA 
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r 
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 R
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io
 
10% C5 C6 C7 C8 C9 CIO Cl l  C12 
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r 
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20% C13 C14 C15 C16 C17 C18 C19 C20 
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r 
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rc
en
ta
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30% C21 C22 C23 C24 C25 C26 C27 C28 
Fi
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r 
Pe
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40% C29 C30 C31 C32 C33 C34 C35 C36 
Fi
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r 
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50% C37 C38 C39 C40 C41 C42 C43 C44 
Fi
lle
r 
Pe
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ta
ge
 R
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60% C45 C46 C47 C48 C49 C50 C51 C52 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
70% C53 C54 C55 C56 C57 C58 C59 C60 
AVE. 
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Each identification number was selected randomly out of a bag to determine the order 
of testing. This randomization process was performed three different times, once for each 
mechanical property test. According to Fraenkel and Wallen (1993), randomization " is 
the best way to ensure that the effects of one or more possible extraneous variables have been 
controlled (p. 244)." 
CI - 1 
C7-2 
C7-3 
C7-4 
C7-  5  
Figure 3-5. Replication Number Assignment 
Instrumentation 
Flatwise Tensile Strength Test 
The flatwise tensile strength of a fiberglass foam sandwich panel indicates how much 
stress, perpendicular to the foam, is needed to produce a complete fracture by a tension force. 
A calibrated Instron 4200 Tester with a load cell of 2,000 pounds was used to apply and 
measure the tensile load. The dependent variable was recorded in pounds per square inch 
(psi). The ASTM test C 297 was modified and used as the standard flatwise tensile testing 
method. The only modification in this test was to section 7.3. The cross-head speed of the 
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instrument was set at 0.50 in./min. instead of the suggested rate of 0.20 in./min. This increase 
in cross-head speed was made possible since rigid structural foam was used in the sandwich 
panels (D. K-Y. Hsu, personal communication, February, 1998). 
Shear Strength Test 
The shear strength of a fiberglass foam sandwich panel indicates how much stress, parallel to 
the foam, is needed to produce a complete fracture by a shearing force. A calibrated Instron 
4200 Tester with a load cell of 2,000 pounds was used to apply and measure the shear load. 
The dependent variable was recorded in pounds per square inch (psi). The ASTM test C 273 
was modified and used as the standard shear testing method. These modifications included 
the test specimen size and cross-head speed. The test specimen size, section 5.1, was reduced 
to 2" X 3.5" instead of the recommended 2" x 4.5." The smaller dimensions were used to 
ensure that the shear load would be less than the Intron's 2000 pound load cell. The cross-
head speed of the instrument, section 7.1, was set at 0.50 in./min. instead of the suggested 
rate of 0.20 in./min. This increase in cross-head speed was made possible since rigid 
structural foam was used in the sandwich panels (D. K-Y. Hsu, personal communication, 
February, 1998). Section 7.2, 8.3, 9.1.8, and 9.1.9 were omitted because they were not 
relevant for this study. 
Peel (Adhesion) Strength Test 
The peel strength of a fiberglass foam sandwich panel indicates how much peel load 
the panel can withstand. The instrument shown in Figure 3-6 was developed by the principal 
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Figure 3-6. Peel (Adhesion) Testing Instrument 
investigator, and used to apply and measure the peel load necessary to damage the panel 
structurally. An Instron Universal Testing Instrument (Model TTC), with a load cell of 
10,000 pounds was used to move the 15 pound electronic digital spring scale made by 
Normark. The cross-head speed of the instrument was set at 2.00 in./min. to assure that the 
sandwich panel would achieve structural damage before the digital spring scale shut off. 
Preliminary testing showed that pulling the fiberglass skin off at a 45° angle resulted in 
keeping the fiberglass skin as close to the foam as possible during the test. Other angles were 
tried (30°, 60°, 75°, and 90°) but had negative results such as the fiberglass breaking before the 
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skin separated from tlie foam. The dependent variable was recorded in pounds and ounces, 
but later calculated into decimalized pounds. 
The ASTM test D 1781 was modified and used as the peel (adhesion) testing method. 
The following sections were still followed in their entirety. These included sections; 1, 2, 3, 
4, 5, 8, and 10. Modifications included the test apparatus and test specimen size. The test 
apparatus, section 6, was replaced with the instrument shown if Figure 3-6. The test 
specimen size, section 7.2, was reduce to 1.5" x 10" instead of the recommended 3" x 12." 
The primary reason for the change in specimen size was due to the limited quantity of foam 
material donated by Divinycell. 
Data Input 
To avoid extraneous variation due to resin cure time, all 300 sandwich panels of each 
test were tested no earlier than ten days after the last test panel was assembled. The flatwise 
tensile test, shear test, and peel (adhesion) test were performed within a nine hour period, 
within a 36 hour period, and within a ten hour period, respectively. The following data were 
collected for each mechanical property test: identification number of the sample, dimensions 
of the sample, weight of the sample, fracture load of the sample, location of the fracture 
(foam, adhesive, other) in the sample, and any additional comments. All data were recorded 
in a notebook immediately following each test. Appendix A shows a sample of the recording 
form used. The data were later entered into a Statistical Analysis System (SAS) program 
using the Iowa State University's Project Vincent computer system. 
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Statistical Analysis of Data 
The collected data were analyzed by using the Statistical Analysis System (SAS) 
program. A factorial experiment with three independent variables was used as the model for 
the experimental design. The first variable, filler type, had three levels: zero filler, 
microballoons, recycled epoxy/fiberglass. The second variable, foam density, had four levels; 
3 Ib/ft^, 4 Ib/ft^, 5 Ib/ft^, 6 Ib/ft^. The third variable, filler percentage ratio, had eight levels; 
0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%. An analysis of variance (ANOVA) was used to 
test for significant differences between cell means using the general linear models function. 
By using a factorial experiment, it was possible to determine any independent variable two-
way or three-way interactions (Fraenkel & Wallen 1993). The experimental units were 900 
foam core sandwich panels with fiberglass outer skins. 
The alpha value was set at the .05 level, and the beta level was set at .20. These 
settings gave a 4; 1 ratio of Type II to Type I error, and gives the experimental design a power 
of .80. Power is the ability of an experiment to detect differences between treatment 
conditions when they are present (Keppel, 1991). 
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CHAPTER 4. FINDINGS 
This chapter presents the results of the data analyses relating to the fourteen 
hypotheses stated in chapter one. The three independent variables were: filler type, foam 
density, and percent slurry. The results are presented separately for each dependent variable. 
The three diJBferent mechanical property tests were: flatwise tensile test, shear test, and peel 
(adhesion) test. 
This chapter is divided into three sections according to the three mechanical property 
tests. In each section, the results of the analyses were interpreted to determine if there were 
adhesive strength differences in; 1) filler type, 2) foam density, 3) percent slurry, or 4) 
differences caused by two-way or three-way main effect interactions. For all three tests, the 
alpha value was set at the .05 level, and the beta level was set at .20. These settings gave a 
4:1 ratio of Type II to Type I error, yielding an experimental design power of .80. 
Flatwise Tensile Test 
Results of ANOVA for Strength of Flatwise Tensile Test 
The dependent variable (y) was recorded in the Data Entry Chart, after testing each of 
the 300 flatwise tensile test sandwich pieces. An example of the Data Entry Chart using the 
raw data is located in Appendix A. All data were then entered into a SAS program developed 
by the principal investigator. The first analysis included all 300 observations (Appendix B-1). 
After the first analysis, the following samples were determined to be outliers because each of 
their residuals was equal to or greater than plus or minus two standard deviations fi'om the 
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mean; Cl-I, C2-1, C9-3, C16-1, C16-4, C16-5, C20-5, 021-1, C36-2, C36-5, C40-5, C48-1, 
C48-3, C52-5, C56-4, C57-3, C60-1, and C60-2. A total of 18 observations were determined 
to be outliers out of a possible 300 items. These 18 observations, 6.0% of the total, were not 
included in the second ansdysis. 
The second analysis, based on 282 observations, improved the model. The histogram 
and boxplot, located in Appendix B-2, gave a visual representation that suggested that the 
observations generally were distributed normally, but there was evidence of the distribution 
being leptokurtic. A leptokurtic distribution means that there are too many outcomes near the 
mean, and as a result the bell-shaped curve has a higher and more narrow shape than a normal 
bell curve. The normal probability plot did show an "S"-shaped curve pattern, and the 
Shapiro-Wilk test value of 0.936953 and a p-value of 0.0001 led to the rejection of the 
assumption of normality. 
More modifications were performed on the data to attempt to improve its normality. 
These included removing extreme outliers one at a time until the model was stable. After 
reviewing all of these results, five more observations were omitted. The additional 
observations deleted were: C14-5, C20-4, C24-3, C36-1, and C48-2. A total of 23 
observations were determined to be outliers out of a possible 300 items; thus, 7.67% of the 
observations were not included in the final analysis. 
The final analysis, based on 277 valid observations, improved the model. The 
ANOVA table is shown in Table 4-1, while the relevant output of the final analysis is shown in 
Appendix B-3. The flatwise tensile strength cell means are located in Table 4-2. 
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Table 4-1. ANOVA Table - Flatwise Tensile Strength 
Dependent  Var iab le :  Y t ens i l e  s trength  (ps i )  
Sum o f  
Source  DF Squares  
Mean 
Square  F  Value  Pr  >  F  
Mode l  
Error  
Correc ted  Tota l  
59  
217  
276  
R-Square  
0 .972612  
2637412 .20  
74268 .67  
2711680 .87  
C.V.  
6 .232762  
44701 .90  130 .61  0 .0001  
342 .25  
Root  MSE Y Mean  
18 .5001  296 .819  
Source  DF Type  I  SS  Mean Square  F  Va lue  Pr  >  F  
FILLER 2  4246 .  . 08  2123 .  , 04  6 .  . 20  0 .  . 0024*  
DENSITY 3  2525409 .  . 49  841803 .  , 16  2459 .  . 60  0 .  . 0001*  
FILLER'DENSITY 6  4342 .  . 14  723 .  , 69  2 .  . 11  0 .  , 0528  
PERCENT 6  9410 .  . 36  1568 .  , 39  4 .  . 58  0 .  . 0002*  
FILLER*PERCENT 6  20886 .  . 78  3481 .  , 13  10 .  . 17  0 .  . 0001*  
DENSITY*PERCENT 18  31783 .  . 75  1765 .  . 76  5 .  . 16  0 .  . 0001*  
FILLER* DENSITY* PERCENT 18  41333 .  . 60  2296 .  . 31  6 .  . 71  0 .  . 0001*  
* Significant at the 0.05 level 
** Significant at the 0.01 level 
The whole-model F value increased to 130.61, compared to 38.21 in the first analysis. 
This demonstrates that the model's results are getting stronger and more reliable. The value 
of R-Square increased to 0.972612, compared to the first analysis result of 0.903776. The R-
Square value measures how much of the total variability in the dependent variable is explained 
by the model. This means that over 97% of the total variability is explained by this final 
analysis model. 
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Table 4-2. Cell Means of Flatwise Tensile Test Panels with 23 Values Removed 
(recorded in psi) 
Glass Microballoons Recycled Epoxy/Fiberglass 
Foam Density Foam Density 
3 
Ib/ft^ 
4 
lb/ft' 
5 
Ib/ft^ 
6 
Ib/ft^ 
3 
Ib/ft^ 
4 
lb/ft' 
5 
lb/ft' 
6 
lb/ft' 
AVE. 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
0% 174.68 283.55 289.16 462.06 N/A N/A N/A N/A 310.5 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
10% 182.94 246.56 240.72 461.62 167.90 293.56 283.64 477.60 297.6 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
20% 175.74 195.85 276.38 485.15 181.92 326.44 277.48 422.43 282.7 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
30% 186.48 302.44 280.68 431.18 187.62 306.76 300.68 469.12 308.1 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
40% 189.46 323.34 300.96 454.86 191.18 291.42 219.72 414.95 288.8 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
50% 179.80 306.50 291.76 453.63 168.60 291.26 287.02 449.46 299.7 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
60% 174.88 312.08 310.52 401.95 178.82 299.54 299.60 517.33 298.6 F
ill
er
 P
er
ce
nt
ag
e 
R
at
io
 
70% 174.34 305.64 283.80 461.30 141.30 314.52 286.40 450.63 294.1 
AVE. 
(Book) 
179.8 
(175) 
297.0 
(217) 
284.3 
(304) 
451.8 
(450) 
173.9 
(175) 
303.4 
(217) 
279.2 
(304) 
457.4 
(450) 
The results in the steam and leaf display and boxplot (Figure 4-1), suggest that the 
residuals are normally distributed. The normal probability plot showed a generally straight 
pattern, and the Shapiro-Wilk test value of 0.977116 and p-value of 0.0889 also supported the 
assumption of normality. In the 3 Ib/ft^, 4 Ib/ft^, and 5 Ib/ft^ foam, tensile separation occurred 
a combined 223 out of 225 times solely in the foam. In the 6 Ib/ft^ foam, only 28 out of 75 
tensile separations occurred solely. 
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Figure 4-1. Flatwise Tensile Test - Stem and Leaf and Boxplot 
Filler Type 
The first hypothesis identified the relationship of the mechanical property tensile 
strength pertaining to filler type. 
Hypothesis 1-1: There was no significant difference in flatwise tension strength 
between zero slurry, slurry prepared with glass microballoons, and slurry prepared with 
recycled epoxy/fiberglass when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between filler types. The means (^lrale^typc) for zero filler, glass microballons, and 
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recycled epoxy/fiberglass fillers were 310.50 psi, 294.29 psi, and 291M psi, respectively. 
The filler F value in Table 4-1 was calculated as 6.20. A critical F value of 3 .03 (F2,276) was 
needed to reject hypothesis 1-1 at the 0.01 level. There was a probability of0.0024 that the 
differences observed between filler types occurred by chance alone. Therefore, hypothesis 1-1 
was rejected at the 0.01 level. Significant dlflFerences in flatwise tension strength were found 
between zero filler, microballoons, and recycled epoxy/fiberglass when used in the 
manufacturing of sandwich panels of foam core with fiberglass outer skins. 
A Scheflfe test was performed at the alpha level of 0.05 to determine which filler had 
significantly stronger tensile strength (Table 4-3). There were no significant differences in 
tensile strength, at the 0.05 level, between miCToballoons and recycled epoxy/fiberglass fillers. 
However, there was a significant difference, at the 0.05 level, in tensile strength between zero 
filler and both microballoons and recycled epoxy/fiberglass fillers. The histogram in Figure 4-
2 illustrates that the epoxy resin with zero filler was stronger in tensile strength than the two 
fillers. 
Foam Density 
The second hypothesis identified the relationship of the mechanical property tensile 
strength to foam density. 
Hypothesis 2-1: There was no significant difference in flatwise tension strength 
when foam densities are varied when used in the manufacturing offoam core sandwich 
panels with fiberglass outer skins. 
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Table 4-3. SchefTe's Test for FOIer Type 
Simul taneous  S imul taneous  
Lower  D i f ference  Upper  
FILLER Conf idence  Between  Conf idence  
Compar i son  Limi t  Means  L imi t  
0  -  2  1 ,594  13 .062  24 .529  * « 
0  -  1  4 .740  16 .213  27 .686  
2  -  0  -24 .529  -13 .062  -1 .594  *  * *  
2  -  1  -2 .515  3 .152  8 .818  
1  -  0  -27 .686  -16 .213  -4 .740  
1  -  2  -8 .818  -3 .152  2 .515  
Conpar i sons  s ign i f i cant  a t  the  0 .05  l eve l  are  ind ica ted  by  '  
315 
5 300 
285 
Zero FOsr Mcrobaloons 
FOIer Type 
^xy/Fiberglass 
Figure 4-2. Flatwise Tensile Test - Filler Type Comparison 
56 
An analysis of variance was used to determine whether there was a significant 
difference between foam densities. The means (Hfonadeanty) for 3 Ib/ft^, 4 Ib/ft^, 5 Ib/ft^, and 6 
Ib/ft^ foams were 177.58 psi, 300.25 psi, 281.90 psi, and 457,77 psi, respectively. The foam 
density F value in Table 4-1 was calculated as 2459.60. A critical F value of 2.64 (F3.276) was 
needed to reject hypothesis 2-1 at the 0.01 level. There was a probability of0.0001 that the 
differences observed between foam density occurred by chance alone. Therefore, hypothesis 
2-1 was rejected at the 0.01 level. Significant differences in flatwise tension strength were 
found between foam densities when used in the manufacturing of foam core sandwich panels 
with fiberglass outer skins. 
A Scheffe test was performed at the alpha level of 0.05. All four foam densities where 
significantly different, at the 0.05 level, fi'om each other in flatwise tensile strength (Table 4-
4). The histogram in Figure 4-3 illustrates that the 6 Ib/ft^ foam sandwiches had the greatest 
tensile strength. The next strongest sandwiches were produced with the 4 Ib/ft^ foam, 
followed by the 5 Ib/ft^ foam, and the weakest foam sandwiches contained the 3 Ib/ft^ foam. 
Filler Percentage Ratio 
The third hypothesis identified the relationship of the mechanical property tensile 
strength to the filler percentage ratio of slurry. 
Hypothesis 3-1: There was no significant difference in flatwise tension strength 
when filler percentage ratios in slurry are varied when used in the manufacturing of foam 
core sandwich panels with fiberglass outer skins. 
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Table 4-4. SchefTe's Test for Foam Density 
DENSITY 
Compar i son  
S imul taneous  
Lower  
Conf idence  
L imi t  
D i f ference  
Between  
Means  
S imul taneous  
Upper  
Conf idence  
L imi t  
6  -  4  
6  -  5  
6  -  3  
148 .355  
166 .753  
270 .967  
157 .524  
175 .868  
280 .193  
166 .692  
184 .982  
289 .419  
* * *  
4  -  6  
4  -  5  
4  -  3  
-166 .692  
9 .774  
113 .981  
-157 .524  
18 .344  
122 .669  
-148 .355  
26 .914  
131 .357  
*iHr 
*irit 
* 
5  -  6  
5  -  4  
5  -  3  
-184 .982  
-26 .914  
95 .694  
-175 .868  
-18 .344  
104 .325  
-166 .753  
-9 .774  
112 .956  
3  -  6  
3  -  4  
3  -  5  
-289 .419  
-131 .357  
-112 .956  
-280 .193  
-122 .669  
-104 .325  
-270 .967  
-113 .981  
-95 .694  
*trir 
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Figure 4-3. Flatwise Tensile Test - Foam Density Comparison 
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An analysis of variance was used to determine whether there was a significant 
diflference between filler percentage ratios. The means ((ieiierpetcenugenuo) for 0% to 70% filler 
percentages ratios were 310.50 psi, 297.56 psi, 282.67 psi, 308.08 psi, 288.77 psi, 299.65 psi, 
298.62 psi, and 294.05 psi, respectively. The filler percentage ratio F value in Table 4-1 was 
calculated as 4.58. A critical F value of 2.13 (F6.276) was needed to reject hypothesis 3-1 at 
the 0.01 level. There was a probability of0.0002 that the differences observed between filler 
percentage ratios occurred by chance alone. Therefore, hypothesis 3-1 was rejected at the 
0.01 level. Significant differences in flatwise tensile strength were found between filler 
percentage ratios when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
A Scheffe test was performed at the alpha level of 0.05. Only five filler percentage 
ratios comparisons were statistically significant (Appendix B-3). The histogram in Figure 4-4 
shows that there are significant differences, at the 0.05 level, in tensile strengths between the 
following filler percentage ratios; 0%-20%, 0%-40%, 20%-30%, 20%-50%, and 30%-40%. 
Sandwich panels with 0% and 30% filler percentage ratios were significantly stronger in 
flatwise tensile strength than sandwiches with 20% and 40%. Filler percentage ratios 
consisting of 10%, 60%, and 70% were average in strength since they were not significant 
with either the stronger or weaker filler percentage ratios. Flatwise tensile strength is greatest 
with no filler, followed by 30%, 50%, 60%, 10%, 70%, 40%, and 20%, in order of strength. 
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Hilcr Pcrcsntag* Ratio 
Figure 4-4. Flatwise Tensile Test — Percent Slurry Comparison 
Main Effect Interactions 
The fourth, fifth, sixtli, and seventh hypotheses concerned two-way and three-way 
interactions between the three independent variables: filler type, foam density, and filler 
percentage ratio. 
Hypothesis 4-1: There was no two-way interaction between filler type andfoam 
density in flatwise tension strength when used in the manufacturing offoam core sandwich 
panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and foam density. In Table 4-1, the F value of the interaction between the 
filler type and foam density was calculated as 2.11. A critical F value of 2.13 (Fs, 276) was 
60 
needed to reject hypothesis 4-1 at the 0.05 level. There was a probability of 0.0528 that the 
differences observed between the filler type and foam density occurred by chance alone. 
Therefore, hypothesis 4-1 could not be rejected. There was no two-way interaction between 
the filler type and foani density when used in the manufacturing of foam core sandwich panels 
with fiberglass outer skins. 
Figure 4-5 gives a visual representation showing that there is no interaction. The 
flatwise tension strength mean was approximately the same at each foam density for all filler 
types. If filler type and foam density were the only two variables in this study, it would not 
matter which filler was used with any of the four foam densities. 
500 
• Zero Fier 
—•— Mcrobaloons 
—— Epoxy/n>erglass I 
3bAt3 4b/rt3 5bAt3 6lb/ft3 
Foam Density 
Figure 4-5. Flatwise Tensile Test - Filler Type / Foam Density Interaction 
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Hypothesis 5-1: There was no two-way interaction between filler type andfiller 
percentage ratios in flatwise tension strength when used in the manufacturing offoam core 
sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and the filler percentage ratio. In Table 4-1, the F value of this two-way 
interaction was calculated as 10.17. A critical F value of 2.13 (Fe, 276) was needed to reject 
hypothesis 5-1 at the 0.01 level. There was a probability of0.0001 that the differences 
observed between the filler type and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 5-1 was rejected at the 0.01 level. There was two-way interaction 
between the filler type and the filler percentage ratios when used in the manufacturing of foam 
core sandwich panels with fiberglass outer skins. 
Figure 4-6 shows that the interaction occurred at the 40%, 50%, and 70% filler 
percentage ratios. Sandwich panels with recycled epoxy/fiberglass powder had better flatwise 
tensile strength at filler percentage ratios of 10%, 20%, 30%, and 60%. Both fillers had equal 
flatwise tensile strength at the 50% filler percentage ratio while microballoons had greater 
strength at 40% and 70%. Sandwich panels consisting of 40% recycled epoxy/fiberglass filler 
were approximately 60 psi weaker than sandwiches containing microballoons. 
Hypothesis 6-1: There was no two-way interaction between foam density andfiller 
percentage ratios in flatwise tension strength when used in the manufacturing of foam core 
sandwich panels with fiberglass outer skins. 
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Figure 4-6. Flatwise Tensile Test - Filler Type / Filler Percentage Ratio Interaction 
An analysis of variance was used to examine whether there was a two-way interaction 
between foam density and the filler percentage ratio. In Table 4-1, the F value of this two-
way interaction was calculated as 5.16. A critical F value of 1.645 (Fis, 276) was needed to 
reject hypothesis 6-1 at the 0.01 level. There was a probability of0.0001 that the differences 
observed between the foam density and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 6-1 was rejected at the 0.01 level. There was two-way interaction 
between the foam density and the filler percentage ratio when used in the manufacturing of 
foam core sandwich panels with fiberglass outer skins. 
Figure 4-7 shows that the interaction occurred between the 4 Ib/ft^ and 5 Ib/ft^ foams 
at the 10% and 60% filler percentage ratios. Both the 4 Ib/ft^ and 5 Ib/ft^ foams had less than 
10 psi separating them in ftatwise tensile strength when 0%, 10%, 50% and 60% filler 
63 
CO (L 
<a 
100 
0% 10% 20% 30% 40% 50% 
Hll«r Percentage Ratio 
60% 
-3l>m3l 
-4i>m3| 
-5b/fl3| 
-6b/ft3i 
70% 
Figure 4-7. Flatwise Tensile Test - Foam Density / Filler Percentage Ratio Interaction 
percentage ratios were used. The 4 Ib/ft^ foam should be used to make sandwich panels when 
using 20%, 40%, and 70% filler percentage ratios. 
Hypothesis 7-1: There was no three-way interaction between filler type, foam 
density, and filler percentage ratios in fiatwise tension strength when used in the 
manufixcturing of foam core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a three-way 
interaction between filler type, foam density, and the filler percentage ratio. In Table 4-1, the 
F value of this three-way interaction was calculated as 6.71. A critical F value of 1.645 (Fis. 
276) was needed to reject hypothesis 7-1 at the 0.01 level. There was a probability of 0.0001 
that the differences observed in the three-way interaction occurred by chance alone. 
Therefore, hypothesis 7-1 was rejected at the 0.01 level. There was three-way interaction 
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between filler type, foam density, and the filler percentage ratio when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-8 shows that the three-way interaction occurred at 60% filler percentage ratio 
between the 4 Ib/ft^ and 5 Ib/ft^ foam. The 4 Ib/ft^ foam was stronger or equal to the 5 Ib/ft^ 
foam, in both the microballoons filler and the recycled epoxy/fiberglass. Due to the three-way 
interaction, either 4 Ib/ft^ or 5 Ib/ft^ foam can be used at the 60% filler percentage ratio. 
Results of ANOVA for the Weight of Flatwise Tensile Test Sandwiches 
All 300 test sandwich panels were weighed (with oak T-shaped attachments) and 
recorded in the Data Entry Chart. An example of the Data Entry Chart using the raw data 
weight is located in Appendix A. All data were then entered into a SAS program developed 
by the principal investigator. The first analysis included all 300 observations (Appendix C-l). 
After the first analysis, the following observations were determined to be outliers because 
each of their residuals was equal to or greater than plus or minus two standard deviations 
fi-om the mean: CI-I, CII-I, CI4-I, C14-2, C14-4, C14-5, C27-4, C28-5, C29-1, C29-4, 
C29-5, C31-1, C31-2, C31-5, C38-5, C43-3, CS7-5, and C58-5. A total of 18 observations 
were determined to be outliers out of a possible 300 items. These 18 observations, 6.00% of 
the total, were not included in the second analysis. 
The second analysis, based on 282 observations, improved the model. The histogram 
and boxplot, located in Appendix C-2, provide a visual representation suggesting that the 
observations generally were distributed normally. Normality was present since the normal 
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Figure 4-8. Flatwise Tensile Test - Three-Way Interaction 
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probability plot showed a relatively straight line and the Shapiro-Wilk test had a value of 
0.978136 and a p-value of 0.1221. 
Several more analyses were performed to achieve a stronger model. This was done by 
removing extreme outliers one at a time. After reviewing all of these results, one more 
observation was omitted. This additional observation, C12-1, was deleted. A total of 19 
observations were now determined to be outliers out of a possible 300 items; thus, 6.33% of 
the observations were not included in the final analysis. 
The final analysis, based on 281 valid observations, improved the model. The 
ANOVA table is shown in Table 4-5, while the relevant output of the final analysis is shown in 
Appendix C-3. The panel weight averages for each test cell are recorded in Table 4-6. 
In Table 4-5, the whole model F value increased to 449.93, compared to the F value in 
the first analysis of271.42. This demonstrates that the model's results are getting stronger 
and more reliable. The value of R-Square increased to 0.991744, compared to 0.985234 in 
the first analysis. The R-Square value measures how much of the total variability in y 
(observations) is explained by the model. This means that over 99% of the total variability is 
explained by this final analysis model. The resuhs in the stem and leaf display and boxplot 
(Figure 4-9) suggest that the residuals are normally distributed. The normal probability plot 
showed a generally straight pattern, and the Shapiro-Wilk test value of 0.976604 and p-value 
of 0.0709 also supported the assumption of normality. 
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Table 4-5. ANOVA Table — Weight of Flatwise Tensile Test Sandwich Panels 
Dependent  Var iab le :  Y we ight  (grams)  
Source  DF 
Sum o f  
Squares  
Mean  
Square  F  Va lue  Pr  >  F  
Mode l  59  1984 .75244  33 .63987  449 .93  0 .0001  
Error  221  16 .52350  0 .  07477  
Correc ted  Tota l  280  2001 .27594  
R-Square  C.V.  Root  MSE Y Mean  
0 .  991744  0 .614590  0 .27344  44 .4907  
Source  DF Type  I  SS  Mean Square  F  Value  Pr  >  F  
FILLER 2  228 .  93110  114 .  46555  1530 .  96  0 .  0001  
DENSITY 3  5 .  08379  1 .  69460  22 .  67  0 .  0001  
FILLER*DENSITY 6  33 .  64895  5 .  60816  75 .  01  0 .  0001  
PERCENT 6  1284  .  43515  214 .  07253  2863 .  20  0 .  0001  
FILLER*PERCENT 6  251 .  96998  41 .  99500  561 .  68  0 .  0001  
DENSITY* PERCENT 18  52 .  88383  2 .  93799  39 .  30  0 .  0001  
FILLER* DENSITY* PERCENT 18  127 .  79965  7 .  09998  94 .  96  0 .  0001  
* Significant at the 0.05 level 
** Significant at the 0.01 level 
Filler Type 
The eighth hypothesis identified the relationship of tensile test sample weight and filler 
type. 
Hypothesis 8-1: There was no significant difference in flatwise tensile test sample 
weight between zero slurry, slurry prepared with glass microballoons. and slurry prepared 
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Table 4-6. Weight Cell Means of Flatwise Tensile Test Panels with 19 Values Removed 
(recorded in grams) 
Glass Microballoons Recycled Epoxy/Fiberglass 
Foam Density Foam Density 
3 
Ib/ft^ 
4 
Ib/fl^ 
5 
Ib/ft^ 
6 
Ib/fl^ 
3 
Ib/fl^ 
4 
Ib/ft^ 
5 
Ib/ft^ 
6 
Ib/ft^ 
AVE. 
Fi
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r 
Pe
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en
ta
ge
 R
at
io
 
0% 41.60 40.96 42.36 41.24 NA NA NA NA 41.59 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
10% 41.76 39.98 40.26 40.38 42.42 42.04 41.28 42.00 41.27 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 20% 42.12 43.50 43.20 42.36 42.44 42.44 42.90 42.84 42.67 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
30% 47.80 48.16 47.78 48.60 47.44 46.04 46.58 45.65 47.26 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
40% 48.30 48.36 49.40 48.02 42.70 41.60 42.80 43.84 45.52 
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50% 46.54 46.48 46.62 48.16 45.24 45.30 47.83 47.78 46.74 
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60% 46.62 47.08 46.52 46.52 46.18 46.98 47.00 46.70 46.70 F
ill
er
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R
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70% 42.08 42.80 42.66 45.62 44.00 42.78 45.14 39.68 43.16 
AVE. 44.60 44.66 44.66 45.11 44.35 43.88 44.79 44.07 
Note; Test sandwich weight includes oak "T" attachments. 
with recycled epoxy/fiberglass when used in the manufacturing of foam core sandwich panels 
with fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference in weight between filler types. The mean (uniiertype) weights for zero filler, glass 
microballoons, and recycled epoxy/fiberglass fillers were 41.54 grams, 45.15 grams, and 44.27 
grams, respectively. The filler F value in Table 4-5 was calculated as 1530.96. A critical F 
value of 3.03 (F2,28o) was needed to reject hypothesis 8-1 at the 0.01 level. There was a 
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s tem Leaf  # Boxplo t  
6  000  3  1 
5  68  2  1 
5  004  3  1 
4  6666  4  1 
4  0000  4  1 
3  6888  4  1 
3  0022222244  10  1 
2  56666666888  11  1 
2  0000022222222224444  19  1 
1  5666888888888  13  H +  
1  000000000222222234444444444  27  1 1  
0  566666666668888888  18  1 1 
0  00000000000000000222222222222233444444444  41  * + * 
-0  444444444220  12  1 1  
- 0  886666666  9  1 1 
- 1  4444444222222000000000  22  1 i  
- 1  888888888876666  15  +  +  
-2  44444222222000000000  20  1 
- 2  8866  4  1 
- 3  4444422220000000  16  1 
- 3  8888886666  10  1 
- 4  44220  5  1 
- 4  8665  4  1 
- 5  420  3  1 
- 5  1 
- 6  00  2  1 
+ + + + + -r + +-
Mult ip ly  Stem.Leaf  by  
Figure 4-9. Flatwise Tensile Test - Stem and Lear and Boxplot 
probability of 0.0001 that the differences observed between filler types occurred by chance 
alone. Therefore, hypothesis 8-1 was rejected at the 0.01 level. Significant differences in 
weight were found between zero filler, microballoons, and recycled epoxy/fiberglass when 
used in the manufacturing of sandwich panels of foam core with fiberglass outer skins. 
A Schefife test was performed at the alpha level of 0.05 to determine which filler type 
was significantly lighter. Test sandwich panels of all three filler options had significantly 
different weights fi-om each other (Table 4-7). The histogram in Figure 4-10 illustrates that 
test sandwich panels with zero filler were the lightest, followed by the recycled 
epoxy/fiberglass, and then the microballoons. If weight is an issue then it would be advisable 
to use zero slurry or recycled epoxy/fiberglass slurry. 
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Table 4-7. SchefTe's Test for Filler Type 
FILLER 
Compar i son  
S imul taneous  
Lower  
Conf idence  
L imi t  
D i f ference  
Between  
Means  
S imul taneous  
Upper  
Conf idence  
L imi t  
1  -  2  
1  -  0  
0 .80029  
3 .45106  
0 .88356  
3 .61665  
0 .96684  
3 .78223  
2  -  1  
2  -  0  
-0 .96684  
2 .56781  
-0 .88356  
2 .73308  
-0 .80029  
2 .89835  
Ik' 
0  -  1  
0  -  2  
-3 .78223  
-2 .89835  
-3 .61665  
-2 .73308  
-3 .45106  
-2 .56781  
*<*"*• 
Compar i sons  s ign i f i cant  a t  the  0 .05  l eve l  are  ind ica ted  by  
46 
Zero Fler Mcrobaloons ^xy/Fbergiass 
Rlier Typ* 
Figure 4-10. Flatwise Tensile Test - Filler Type Weight Comparison 
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Foam Density 
The ninth hypothesis identified the relationship of tensile test sample weight and foam 
density. 
Hypothesis 9-1: There was no significant difference in flatwise tensile test sample 
weight when foam densities are varied when used in the manufacturing offoam core 
sandwich panels with fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference in weight between foam densities. Test sandwich panel mean (|ifoam density) weights 
for 3 Ib/ft^, 4 Ib/ft^, 5 Ib/ft^, and 6 Ib/ft^ foams were 44.37 grams, 44.34 grams, 44.60 grams, 
and 44.65 grams, respectively. The foam density F value in Table 4-5 was calculated as 
22.67. A critical F value of 2.64 (F3.280) was needed to reject hypothesis 9-1 at the 0.01 level. 
There was a probability of 0.0001 that the differences observed between foam density 
occurred by chance alone. Therefore, hypothesis 9-1 was rejected at the 0.01 level. 
Significant differences in weight were found between foam densities when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
A Scheffe test was performed at the alpha level of 0.05 to determine which foam 
density was significantly lighter. There were no significant weight differences in sandwich 
panels made with 3 Ib/ft^ or 4 Ib/ft^ and there were also no significant weight differences in 
sandwich panels made with 5 Ib/ft^ or 6 Ib/ft^ foam (Table 4-8). The histogram in Figure 4-11 
illustrates that sandwich panels made with 3 Ib/ft^ or 4 Ib/ft^ were significantly lighter in 
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Table 4-8. SchefTe's Test for Foam Density 
Simul taneous  S imul taneous  
Lower  D i f ference  Upper  
DENSITY Conf idence  Between  Conf idence  
Compar i son  L imi t  Means  L imi t  
6  -  5  
6  -  3  
6  -  4  
5  -  6  
5  -  3  
5  -  4  
3  -  6  
3  -  5  
3  -  4  
4  -  6  
4  -  5  
4  -  3  
-0 .08574  
0 .15194  
0 .18238  
-0 .17293  
0 .10653  
0 .13697  
-0 .40966  
-0 .36788  
-0 .09977  
-0 .44105  
-0 .39926  
-0 .16159  
0 .04360  
0 . 2 8 0 8 0  
0 .31171  
-0 .04360  
0 .23720  
0 . 2 6 8 1 2  
-0.28080 
-0 .23720  
0 .03091  
-0 .31171  
-0.26812 
-0 .03091  
0 .17293  
0 .40966  
0 .  44105  
0 .08574  
0 .36788  
0 .39926  
-0 .15194  
-0 .10653  
0 .16159  
-0 .18238  
-0 .13697  
0 .09977  
Compar i sons  s ign i f i cant  a t  the  0 .05  l eve l  are  ind ica ted  by  
44.65 
44.60 
44.50 
E 44.45 
S 44.40 
S 44.35 
44.30 
44.20 
3b/ft3 4 b/ft3 5 b/fta 
Foam Oenstty 
6b/ft3 
Figure 4-11. Flatwise Tensile Test - Foam Density Weight Comparison 
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weight than sandwich panels made with 5 lb/ft" or 6 Ib/ft^ foam. If weight is an issue then it 
would be advisable to use the 3 Ib/ft^ or 4 Ib/ft^ foam. 
Filler Percentage Ratio 
The tenth hypothesis identified the relationship of tensile test sample weight and filler 
percentage ratio of slurry. 
Hypothesis 10-1: There was no significant difference in flatwise tensile test scanple 
weight when filler percentage ratios in slurry are varied when used in the manufacturing of 
foam core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between filler percentage ratios. The mean (Hr,uerpenxniagerjuo) weights for 0% to 
70% filler percentages ratios were 41.54 grams, 41.24 grams, 42.64 grams, 47.32 grams, 
45.06 grams, 46.72 grams, 46.70 grams, and 43.08 grams, respectively. The filler percentage 
ratio F value in Table 4-5 was calculated as 2863.20. A critical F value of 2.13 (Fe.aso) was 
needed to reject hypothesis 10-1 at the 0.01 level. There was a probability of0.0001 that the 
differences observed between filler percentage ratios occurred by chance alone. Therefore, 
hypothesis 10-1 was rejected at the 0.01 level. Significant differences in weight were found 
between filler percentage ratios when used in the manufacturing of foam core sandwich panels 
with fiberglass outer skins. 
A Scheffe test was performed at the alpha level of 0.05 to determine which filler 
percentage ratio was significantly lighter. Only two filler percentage ratios did not have 
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significantly different weights from each other; 50% and 60% (Appendix B-3). All other 
filler percentage ratios were significantly different in weight from each other. The histogram 
in Figure 4-12 illustrates that test sandwich panels with 10% filler were the lightest. The 
heaviest filler percentage ratio was 30%, followed by 50-60%, 40%, 70%, 20%, and 0%, 
respectively. If weight is an issue then it would be advisable to use the lower filler percentage 
ratios or the 70% filler percentage ratio. 
48 
0% 10% 20% 30% 40% 50% 60% 70% 
F9i*r Percentage Ratio 
Figure 4-12. Flatwise Tensile Test - Percent Slurry Weight Comparison 
Main Eflect Interactions 
The eleventh, twelfth, thirteenth, and fourteenth hypotheses concerned two-way and 
three-way interactions between the three independent variables: filler type, foam density, and 
filler percentage ratio. 
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Hypothesis H-1; There was no two-way interaction between filler type and foam 
density in flatwise tensile test sample weight when used in the manufacturing offoam core 
sandwich panels with fiberglass outer skins. 
An analysis of variance was used to exanune whether there was a two-way interaction 
between filler type and foam density. In Table 4-5, the F value of the interaction between the 
filler type and foam density was calculated as 75.01. A critical F value of 2.13 (Fe. 28o) was 
needed to reject hypothesis 11-1 at the O.Ol level. There was a probability of 0.0001 that the 
differences observed between the filler type and foam density occurred by chance alone. 
Therefore, hypothesis 11-1 was rejected at the 0.01 level. Significant differences in weight 
were found in the interaction between filler type and foam density when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-13 shows that the interaction occurred at the 5 Ib/ft^ foam. If filler type and 
foam density were the only two variables considered in flatwise tensile test sample weight, 
then filler type selection should be determined by the foam density being used in the sandwich 
panel. To achieve the lightest flatwise tensile test samples, zero filler should be added to the 
resin. Sandwich panels made with recycled epoxy/fiberglass are lighter than panels with 
microballoons. As a result of the significant interaction, microballoons could be substituted 
for recycled epoxy fiberglass in 5 Ib/ft^ foam. 
Hypothesis 12-i: There was no two-way interaction between filler type and filler 
percentage ratios in flatwise tensile test sample weight when used in the manufacturing of 
foam core sandwich panels with fiberglass outer skins. 
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Figure 4-13. Flatwise Tensile Sandwich Weight - Filler Type / Foam Density Interaction 
An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and the filler percentage ratio. In Table 4-5, the F value of this two-way 
interaction was calculated as 561.68. A critical F value of 2.13 (Fe. 28o) was needed to reject 
hypothesis 12-1 at the 0.01 level. There was a probability of 0.0001 that the differences 
observed between the filler type and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 12-1 was rejected at the 0.01 level. Significant differences were found 
in the interaction between the filler type and the filler percentage ratios when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-14 shows that the interaction occurred at the 20%, and 60% filler percentage 
ratios. Sandwich panels with recycled epoxy/fiberglass were lighter than microballoons in 
flatwise tensile test sample weight at filler percentage ratios of 30%, 40%, 50%, and 70%. 
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Both fillers were equal in weight at the 20% and 60% filler percentage ratios while sandwich 
panels using microballoons were lightest in weight at 10%. Sandwiches consisting of 40% 
microballoons were over five grams heavier than sandwiches consisting of recycled 
epoxy/fiberglass. 
50 
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- Mcrobaloons 
- ^poxy/Fiberglass 
70% 
Figure 4-14. Flatwise Tensile Sandwich Weight - Filler Type / Filler Percentage Ratio 
Interaction 
Hypothesis 13-1: TTiere was no two-way interaction between foam density andfdler 
percentage ratios in flatwise tensile test sample weight when used in the maimfacturing of 
foam core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between foam density and the filler percentage ratio. In Table 4-5, the F value of this two-
way interaction was calculated as 39.30. A critical F value of 1.645 (Fis. 28o) was needed to 
78 
reject hypothesis 13-1 at the 0.01 level. There was a probability of 0.0001 that the differences 
observed between the foam density and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 13-1 was rejected at the 0.01 level. Significant differences were found 
in the interaction between the foam density and the filler percentage ratio when used in the 
manufacturing of foam core sandwich panels with fiberglass outer sidns. 
Figure 4-15 shows that the interaction occurred between all foam densities at all filler 
percentage ratios. Sandwich panels made with the 3 Ib/ft^ foam were the lightest samples 
when 20%, 40%, and 60% filler percentage ratios were used. Sandwich panels made with the 
4 Ib/fl^ foam were the lightest samples when 0% and 50% filler percentage ratios were used. 
The 5 Ib/ft^ and 6 Ib/fl^ foam samples were lightest at the 10% and 70% filler percentage 
ratios, respectively. All foam densities were equal in weight when produced with a 30% filler 
percentage ratio. 
Hypothesis 14-1: There was no three-way interaction between filler type, foam 
density, andfiller percentage ratios in flatwise tensile test sample weight when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a three-way 
interaction between filler type, foam density, and the filler percentage ratio. In Table 4-5, the 
F value of this three-way interaction was calculated as 94.96. A critical F value of 1.645 (Fis. 
28o) was needed to reject hypothesis 14-1 at the 0.01 level. There was a probability of0.0001 
that the differences observed in the three-way interaction occurred by chance alone. 
Therefore, hypothesis 14-1 was rejected at the 0.01 level. There were significant diflferences 
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Figure 4-15. Flatwise Tensile Sandwich Weight - Foam Density / Filler Percentage 
Ratio Interaction 
in the three-way interaction between filler type, foam density, and the filler percentage ratio 
when used in the manufacturing of foam core sandwich panels with fiberglass outer sidns. 
Figure 4-16 shows that the three-way interactions occurs at 40% filler percentage ratio 
between all four types of foam. Due to the three-way interaction, microballoons are 
approximately five grams heavier than recycled epoxy/fiberglass at the 40% filler percentage 
ratio. If a 40% filler percentage ratio is used, then recycled epoxy/fibergiass should always be 
added to the resin. 
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Figure 4-16. Flatwise Tensile Sandwich Weight - Three-Way Interaction 
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Shear Test 
Results of ANOVA for Strength of Shear Test 
The dependent variable (y) was recorded in the Data Entry Chart, after testing each of 
the 300 shear test sandwich pieces. An example of the Date Entry Chart using the raw data is 
located in Appendix D. All data were then entered into a SAS program developed by the 
principal investigator. The first analysis included all 300 observations (Appendix E-1). After 
the first analysis, the following observations were determined to be outliers because each of 
their residuals was equal to or greater than plus or minus two standard deviations fi'om the 
mean: C5-5, C8-2, C8-3, C8-4, C18-3, C26-3, C52-I, C52-2, C52-3, and C52-5. A total of 
10 observations were determined to be outliers out of a possible 300 items. These 10 
observations, 3.33% of the total, were not included in the second analysis. 
The second analysis, based on 290 observations, improved the model. The histogram 
and boxplot, located in Appendbc E-2, gave a visual representation that suggested that the 
observations generally were distributed normally, but there was evidence of the distribution 
being leptolcurtic. A leptokurtic distribution means that there are too many outcomes near the 
mean, and as a result the bell-shaped curve has a higher and more narrow shape than a normal 
bell curve. The normal probability plot did show a slight "S"-shaped curve pattern, and the 
Shapiro-Wilk test value of 0.975733 and a p-value of0.0455 led to the rejection of the null 
hypothesis of normality. 
More modifications were performed on the data in attempt to improve its normality. 
These included removing extreme outliers one at a time until the model was stable. After 
reviewing all of these results, four more observations were omitted. These additional 
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observations deleted were: Cl-5, C8-1, C17-2, and C18-4. A total of 14 observations were 
now determined to be outliers out of a possible 300 items; thus, 4.67% of the observations 
were not included in the final analysis. 
The final analysis, based on 286 valid observations, improved the model. The 
ANOVA table is shown in Table 4-9, while the relevant output of the final analysis is shown in 
Appendix E-3. The shear strength cell means are located in Table 4-10. 
Table 4-9. ANOVA Table — Shear Strength 
Dependent  Var iab le :  Y shear  s trength  (ps i )  
Sum o f  Mean 
Source  DF Squares  Square  F  Value  Pr  >  F  
Mode l  59  850844 .601  14421 .095  2002 .40  0 .0001  
Error  226  1627 .629  7 .202  
Correc ted  Tota l  285  852472 .230  
R-Square  C.V.  Root  MSE Y Mean  
0 .998091  1 .846966  2 .68364  145 .300  
Source  DF Type  I  SS  Mean Scp iare  F  Value  Pr  >  F  
FILLER 2  737 .  249  368 .  624  51 .  18  0 .  0001**  
DENSITY 3  846336 .  149  282112 .  050  39171 .  90  0 .  0001**  
FILLER*DENSITY 6  257 .  214  42 .  869  5 .  95  0 .  0001**  
PERCENT 6  188 .  681  31 .  447  4 .  37  0 .  0003**  
FILLER*PERCENT 6  490 .  515  81 .  752  11 .  35  0 .  0001**  
DENSITY* PERCENT 18  1081 .  980  60 .  110  8 .  35  0 .  0001**  
FILLER*DENSITY*PERCENT 18  1752 .  814  97 .  379  13 .  52  0 .  0001**  
* Significant at the 0.05 level 
** Significant at the 0.01 level 
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The whole-model F value increased to 2002.40, compared to 445.53 in the first 
analysis. This demonstrates that the model's results are getting stronger and more reliable. 
The value of R-Square increased to 0.998091, compared to the first analysis result of 
0.990952. The R-Square value measures how much of the total variability in the dependent 
variable is explained by the model. This means that over 99% of the total variability is 
explained by this final analysis model. 
Table 4-10. Cell Means of Shear Test Panels with 14 Values Removed 
(recorded in psi) 
Glass Microballoons Recycled Epoxy/Fiberglass 
Foam )ensity Foam Density 
3 
lb/ft' 
4 
Ib/ft^ 
5 
Ib/ft^ 
6 
Ib/ft^ 
3 
lb/ft' 
4 
Ib/ft^ 
5 
lb/ft' 
6 
Ib/ft^ 
AVE. 
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r 
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0% 78.88 134.96 138.14 238.74 N/A N/A N/A N/A 151.30 
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lle
r 
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10% 81.45 134.40 139.90 213.48 77.98 132.78 136.80 243.16 138.98 
Fi
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r 
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ge
 R
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io
 20% 85.92 127.52 147.80 232.48 81.90 132.30 132.14 230.78 148.86 
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r 
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30% 83.34 130.36 142.88 238,06 80.88 134.23 139.64 238.28 148.82 
Fi
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r 
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at
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40% 78.80 133.26 141.34 231.72 79.50 133.36 141.50 236.94 147.05 
Fi
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r 
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 R
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io
 
50% 82.14 132.68 132.04 238.00 78.06 134.94 141.90 231.96 146.47 
Fi
lle
r 
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ge
 R
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io
 
60% 77.98 132.70 140.26 229.30 81.62 136.02 144.50 229.30 137.26 Fi
lle
r 
Pe
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ge
 R
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io
 
70% 81.36 137.64 134.52 233.88 81.36 131.90 132.80 231.16 145.58 
AVE. 
(Book) 
81.2 
(65) 
132.4 
(102) 
139.6 
(152) 
231.9 
(217) 
80.2 
(65) 
133.7 
(102) 
138.5 
(152) 
234.5 
(217) 
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The results in the histogram and boxplot (Figure 4-17) suggest that the residuals are 
normally distributed. The normal probability plot showed a generally straight pattern, and the 
Shapiro-Wilk test value of 0.981315 and p-value of0.3047 also supported the assumption of 
normality. In the 3 Ib/ft^, 4 Ib/ft^, and 5 Ib/ft^ foam, shear separation occurred a combined 223 
out of 225 times solely in the foam. Only 64 out of 75 tensile separations occurred solely in 
the 6 Ib/ft^ foam. 
Filler Type 
The first hypothesis identified the relationship of the mechanical property shear 
strength pertaining to filler type. 
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Figure 4-17. Shear Test — Histogram and Boxplot 
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Hypothesis 1-2: There was no significant difference in shear strength between zero 
slurry, slurry prepared with glass microballoons, and slurry prepared with recycled 
epoxy/fiberglass when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between filler types. The means (^(iuertype) for zero filler, glass microbaUoons, and 
recycled epoxy/fiberglass fillers were 151.30 psi, 144.74 psi, and 145.00 psi, respectively. 
The filler F value in Table 4-9 was calculated as 51.18. A critical F value of 3.03 (Fijss) was 
needed to reject hypothesis 1-2 at the 0.01 level. There was a probability of0.0001 that the 
differences observed between filler types occurred by chance alone. Therefore, hypothesis 1-2 
was rejected at the 0.01 level. Significant differences in shear strength were found between 
zero filler, microballoons, and recycled epoxy/fiberglass when used in the manufacturing of 
sandwich panels of foam core with fiberglass outer skins. 
A SchefiFe test was performed at the alpha level of 0.05 to determine which filler had 
significantly stronger tensile strength (Table 4-11). There were no significant differences in 
tensile strength, at the 0.05 level, between microballoons and recycled epoxy/fiberglass fillers. 
However, there was a significant difference, at the 0.05 level, in tensile strength between zero 
filler and both microballoons and recycled epoxy/fiberglass fillers. The histogram in Figure 4-
18 illustrates that the epoxy resin with zero filler was stronger in tensile strength than the two 
fillers. 
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Table 4-11. SchefTe's Test for Filler Type 
Simul taneous  S imul taneous  
Lower  D i f ference  Upper  
FILLER Conf idence  Between  Conf idence  
Compar i son  Limi t  Means  L imi t  
0  -  2  4 .6737  6 .2962  7 .9188  • * * 
0  -  1  4 .9353  6 .5556  8 .1758  
2  -  0  -7 .9188  -6 .2962  -4 .6737  
2  -  1  -0 .5501  0 .2593  1 .0688  
1  -  0  -8 .1758  -6 .5556  -4 .9353  *** 
1  -  2  -1 .0688  -0 .2593  0 .5501  
Compar i sons  s ign i f i cant  a t  the  0 .05  l eve l  are  ind ica ted  by  •*** ' .  
Zero Filer Mcrobaloons Gpoxy/Fiwrglass 
RIter Type 
Figure 4-18, Shear Test - Filler Type Comparison 
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Foam Density 
The second hypothesis identified the relationship of the mechanical property shear 
strength to foam density. 
Hypothesis 2-2: There was no significant difference in shear strength when foam 
densities are varied when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between foam densities. The means (Hfo»m demity) for 3 Ib/fl^, 4 Ib/fl^, 5 Ib/ft^, and 6 
Ib/fl^ foams were 80.74 psi, 133.28 psi, 139.08 psi, and 234.55 psi, respectively. The foam 
density F value in Table 4-9 was calculated as 39171.90. A critical F value of 2.64 (F3.285) 
was needed to reject hypothesis 2-2 at the 0.01 level. There was a probability of 0.0001 that 
the differences observed between foam density occurred by chance alone. Therefore, 
hypothesis 2-2 was rejected at the 0.01 level. Significant differences in shear strength were 
found between foam densities when used in the manufacturing of foam core sandwich panels 
with fiberglass outer sldns. 
A Scheffe test was performed at the alpha level of 0.05. All four foam densities where 
significantly different, at the 0.05 level, fi-om each other in shear strength (Table 4-12). The 
histogram in Figure 4-19 illustrates that the 6 Ib/ft^ foam sandwiches had the greatest shear 
strength. The next strongest sandwiches were produced with the 5 Ib/fl^ foam, followed by 
the 4 Ib/ft^ foam, and the weakest foam sandwiches contained the 3 Ib/ft^ foam. 
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Table 4-12. Schefie's Test for Foam Density 
Simul taneous  S imul taneous  
Lower  D i f ference  Upper  
DENSITY Conf idence  Between  Conf idence  
Compar i son  L imi t  Means  L imi t  
6 
6 
6 
94 .2027  
99 .9843  
152 .5232  
95 .4734  
101 .2674  
153 .8063  
96 .7441  
102 .5505  
155 .0894  
6 
4  
3  
-96 .7441  
4 .5468  
57 .0857  
-95 .4734  
5 .7940  
58 ,3329  
-94 .2027  
7 .0412  
59 .5800  
6 
5  
3  
-102 .5505  
-7 .0412  
51 .2791  
•101 .2674  
-5 .7940  
52 .5389  
-99 .9843  
-4 .5468  
53 .7987  
6 
5  
4  
-155 .0894  
-59 .5800  
-53 .7987  
-153 .8063  
-58 .3329  
-52 .5389  
-152 .5232  
-57 .0857  
-51 .2791  
Compar i sons  s ign i f i cant  a t  the  0 .05  l eve l  are  ind ica ted  by  •*** ' .  
250 
3 bma 4 b/fts 5 torn 6 b/fts 
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Figure 4-19. Shear Test - Foam Density Comparison 
Filler Percentage Ratio 
The third hypothesis identified the relationsiup of the mechanical property shear 
strength to the filler percentage ratio of slurry. 
Hypothesis 3-2: There was no significant difference in shear strength when filler 
percentage ratios in slurry are varied when used in the manufacturing of foam core sandwich 
panels with fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between filler percentage ratios. The means (^fiucrpenxmagentio) for 0% to 70% filler 
percentages ratios were 151.30 psi, 138.98 psi, 148.86 psi, 148.82 psi, 147.05 psi, 146.47 psi, 
137.26 psi, and 145.58 psi, respectively. The filler percentage ratio F value in Table 4-9 was 
calculated as 4.37. A critical F value of 2.13 (Fe. 283) was needed to reject hypothesis 3-2 at 
the 0.01 level. There was a probability of 0.0003 that the differences observed between filler 
percentage ratios occurred by chance alone. Therefore, hypothesis 3-2 was rejected at the 
0.01 level. Significant differences in shear strength were found between filler percentage 
ratios when used in the manufacturing of foam core sandwich panels with fiberglass outer 
skins. 
A Scheffe test was performed at the alpha level of 0.05. There were 19 statistically 
significant filler percentage ratios comparisons (Appendbc E-3). The histogram in Figure 4-20 
shows the mean values of each filler percentage ratio. There were significant differences in 
shear strengths between the following filler percentage ratios: 0%-10%, 0%-40%, 0%-50%, 
0%-60%, 0%-70%, 10%-20%, 10%-30%, 10%-40%, 10%-50%, 10%-70%, 20%-50%, 20%-
90 
60%, 20%-70%, 30%-50%, 30%-60%, 30%-70%, 40%-60%, 50%-60%, and 60%-70%. 
The sandwich panels with the three strongest filler percentage ratios in shear strength were 
0%, 20%, and 30%. The sandwich panels with 10% and 60% filler ratios were significantly 
weaker than all other filler percentage ratios. If shear strength is critical, the choice of filler 
percentage ratio would be 0%, followed by 20%, 30%, 40%, 50%, 70%, 10%, and 60%, in 
order of strength. 
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Filisr Percentage Ratio 
Figure 4-20. Shear Test - Percent Slurry Comparison 
Main Effect Interactions 
The fourth, fifth, sixth, and seventh hypotheses concerned the two-way and three-way 
interactions between the three independent variables; filler type, foam density, and filler 
percentage ratio. 
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Hypothesis 4-2; There was no two-way interaction between filler type andfoam 
density in shear strength when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and foam density. In Table 4-9, the F value of the interaction between the 
filler type and foam density was calculated as 5.95. A critical F value of 2.13 (F6.285) was 
needed to reject hypothesis 4-2 at the 0.01 level. There was a probability of0.0001 that the 
differences observed between the filler type and foam density occurred by chance alone. 
Therefore, hypothesis 4-2 was rejected at the 0.01 level. Significant differences were found in 
the interaction between the filler type and foam density when used in the manufacturing of 
foam core sandwich panels with fiberglass outer skins. 
Figure 4-21 shows that the interaction occurred at the 4 Ib/ft^ and 6 Ib/ft^ foam. If 
filler type and foam density were the only two variables considered in shear strength in this 
study, then filler type selection should be determined by the foam density being used in the 
sandwich panel. Microballoons should be added to the resin when 3 Ib/ft^ or 5 Ib/ft^ foam are 
used, while zero filler should be used when 4 Ib/ft^ or 6 Ib/ft^ foam are used. 
Hypothesis S-2: There was no two-way interaction between filler type andfiller 
percentage ratios in shear strength when used in the manufacturing of foam core sandwich 
panels with fiberglass outer skins. 
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Figure 4-21. Shear Test - Filler Type / Foam Density Interaction 
An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and the filler percentage ratio. In Table 4-9, the F value of this two-way 
interaction was calculated as II .35. A critical F value of 2.13 (Fe. 285) was needed to reject 
hypothesis 5-2 at the 0.01 level. There was a probability of 0.0001 that the differences 
observed between the filler type and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 5-2 was rejected at the 0.01 level. Significant differences were found in 
the interaction between the filler type and the filler percentage ratios when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-22 shows that the interaction occurred at the 30% and 50% filler percentage 
ratios. Sandwich panels made with either microballoons or recycled epoxy/fiberglass had 
similar shear strength (+/- 5 psi) at the 20%, 30%, 40%, 50%, and 70% filler percentage 
ratios. Microballoons should not be used as a filler at the 10% filler ratio, because these 
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sandwich panels were about 20 psi weaker than sandwiches consisting of recycled 
epoxy/fiberglass. Recycled epoxy/fiberglass should not be used as a filler at the 60% filler 
ratio, because these sandwich panels were about 17.S psi weaker in shear strength than 
sandwiches containing of microballoons. 
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Figure 4-22. Shear Test — Filler Type / Filler Percentage Ratio Interaction 
Hypothesis 6-2: There was no two-way interaction between foam density andfiller 
percentage ratios in shear strength when used in the manufacturing of foam core sandwich 
panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between foam density and the filler percentage ratio. In Table 4-9, the F value of this two-
way interaction was calculated as 8.35. A critical F value of 1.645 (F18.285) was needed to 
reject hypothesis 6-2 at the 0.01 level. There was a probability of 0.0001 that the differences 
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observed between the foam density and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 6-2 was rejected at the 0.01 level. Significant diflferences were found in 
the interaction between the foam density and the filler percentage ratio when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-23 shows that the interaction occurred between the 4 Ib/ft^ and 5 Ib/ft^ foams 
at the 70% filler percentage ratio. Both the 4 Ib/ft^ and 5 Ib/ft^ foams had less than 5 psi 
separating them in shear strength when 0%, 10%, 50% and 70% filler percentage ratios were 
used. The 5 Ib/ft^ foam should be used to make sandwich panels when using 20%, 30%, 40%, 
and 60% filler percentage ratios. 
to 
& 
£ 9 e 
s 
w m 
« 
£ 
CO 
0% 10% 20% 30% 40% 50% 
Filler Percentage Ratio 
60% 
zo 
: 
— W 
200 
150 
A, —' 
100 
1 '!. ' 1. 
.  m [ , _  .  .  • — • • ; ' • • • •  • m — 
50  
0  
-3b/rt3l 
-4byft3l 
I 
-5b/rt3| 
-6b>rt3| 
70% 
Figure 4-23. Shear Test - Foam Density / Filler Percentage Ratio Interaction 
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Hypothesis 7-2: There was no three-way interaction between filler type, foam 
density, and filler percentage ratios in shear strength when used in the manufacturing of 
foam core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a three-way 
interaction between filler type, foam density, and the filler percentage ratio. In Table 4-9, the 
F value of this three-way interaction was calculated as 13.52. A critical F value of 1.645 (Fis. 
285) was needed to reject hypothesis 7-2 at the 0.01 level. There was a probability of0.0001 
that the differences observed in the three-way interaction occurred by chance alone. 
Therefore, hypothesis 7-2 was rejected at the 0.01 level. There were significant differences in 
the three-way interaction between filler type, foam density, and the filler percentage ratio 
when used in the manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-24 shows that the three-way interactions occurred at the 10% and 70% filler 
percentage ratio between the 4 Ib/ft^ and 5 Ib/ft^ foam. The 5 Ib/ft^ foam was stronger or 
equal to the 4 Ib/ft^ foam, in both the microballoons filler and the recycled epoxy/fiberglass. 
Due to the three-way interaction, either 4 Ib/ft^ or 5 Ib/ft^ foam can be used at the 10% and 
70% filler percentage ratio. 
Results of ANO VA for the Weight of Shear Test Sandwiches 
All 300 test sandwich panels were weighed (with pine wood attachments) and 
recorded in the Data Entry Chart. An example of the Data Entry Chart using raw data weight 
is located in Appendix D. All data were then entered into a S AS program developed by the 
principal investigator. The first analysis included all 300 observations (Appendix F-1). After 
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Figure 4-24. Shear Test — Three-Way Interaction 
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the first analysis, the following item numbers were determined to be outliers because each of 
their residuals are equal to or greater than plus or minus two standard deviations from the 
mean: Cl-3, Cl-5, C5-1, C9-1, C9-4, CI3-4, C16-1, C17-2, C17-3, C25-1, C25-2, C25-5, 
C29-1, C29-2, C29-5, C33-5, C34-4, C37-2, and C43-5. A total of 19 observations were 
determined to be outliers out of a possible 300 items. These 19 observations, 6.33% of the 
total, were not included in the second analysis. 
The second analysis, based on 281 valid observations, improved the model. The 
histogram and boxplot, located in Appendix F-2, provide a visual representation suggesting 
that the observations had a positively skewed distribution. Normality was not present since 
the normal probability plot showed a slight "S"-shaped line and the Shapiro-Wilk test had a 
value of 0.9662 and a p-value of 0.0003. 
More modifications were performed to achieve a stronger model. These included 
removing extreme outliers one at a time. After reviewing all of these results, four more 
observations were omitted. The additional observations deleted were: C4-1, C5-5, C9-2, and 
CI 3-5. A total of 23 observations were now determined to be outliers out of a possible 300 
items; thus, 7.67% of the observations were not included in the final analysis. 
The final analysis, based on 277 valid observations, improved the model. The 
ANOVA table is shown in Table 4-13, while the relevant output of the final analysis is shown 
in Appendix F-3. The panel weight averages for each test cell are recorded in Table 4-14. 
In Table 4-13, the whole-model F value increased to 37.06, compared to 21.75 in the 
first analysis. This demonstrates that the model's results are getting stronger and more 
reliable. The value of R-Square increased to 0.909714, compared to the result in the first 
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Table 4-13. ANOVA Table - Weight of Shear Test Sandwich Panels 
D e p e n dent  V a r i a b l e :  Y  
Source  
she ar  we igh t  (g ra m s )  
S u m o£  
DF Squares  
M ean  
Squa re  F  Va lue  P r  >  F  
Mode l  
Error  
Correc t ed  Tota l  
59  
217  
276  
R - Squa re  
0 .909714  
55891 .6159  
5547 .0300  
61438 . 6459  
C .V .  
3 . 275725  
947 .3155  
25 .5624  
Root  MSE 
5 . 05592  
37  .  06  0 . 0 0 0 1  
Y  Mean  
154 .345  
Source  DF Type  I  S S  Mean  Squa re  F  Va lue  Pr  >  F  
FILLER 2  1924  . 6491  962 .  3 2 4 5  3 7 .  6 5  0 .  0001**  
DENSITY 3  3464  . 9 5 7 3  1 1 5 4 .  9858  45 .  18  0 .  0001**  
F ILLER*DE NS IT Y 6  284  . 0 9 5 3  47 .  3492  1 .  85  0 .  0903  
PERCE NT 6  26341  . 8040  4390 .  3007  171 ,  75  0 .  0001**  
FIL L E R*P ERCENT 6  16398  . 6511  2733 .  1085  106 .  92  0 .  0001**  
D EN SI TY*P E RCE NT  1 8  4134  . 5218  229 .  6957  8 .  99  0 .  0001**  
FILLER* DENSITY*  P ER C EN T 18  3342  . 9374  185 .  7187  7 .  27  0 .  0001**  
* Significant at the 0.05 level 
** Significant at the O.OI level 
analysis of 0.842466. The R-Square value measures how much of the total variability in the 
dependent variable is explained by the model. This means that over 90% of the total 
variability is explained by this final analysis model. 
The results in the stem and leaf display and boxpiot (Figure 4-25) improved, but the 
visual representations suggested that the observations still had a positive skewed distribution. 
Normality still was not present since the normal probability plot showed a very slight "S" 
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Table 4-14. Weight Cell Means of Shear Test Panels with 23 Values Removed 
(recorded in grams) 
Glass MIcroballoons Recycled Epoxy/Fiberglass 
Foam )ensity Foam Density 
3 
Ib/ft^ 
4 
Ib/ft^ 
5 
Ib/ft^ 
6 
Ib/ft^ 
3 
Ib/fl^ 
4 
Ib/fl^ 
5 
Ib/fl' 
6 
Ib/fl' 
AVE. 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
0% 172.10 169.78 155.68 163.48 N/A N/A N/A N/A 164.56 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
10% 160.27 167.96 141.20 156.50 172.60 165.78 156.56 163.92 159.59 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
20% 152.53 159.32 162.64 159.88 172.93 168.18 159.20 152.90 160.77 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
30% 175.74 169.90 159.94 159.96 167.70 161.42 160.04 165.28 164.79 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
40% 128.90 128.88 127.66 129.58 157.35 131.58 129.06 147.50 135.05 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
50% 163.73 172.74 168.50 165.92 154.62 167.46 158.25 143.72 161.91 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
60% 165.12 165.74 161.78 162.54 135.70 134.02 134.34 136.36 149.47 
Fi
lle
r 
Pe
rc
en
ta
ge
 R
at
io
 
70% 134.50 136.40 130.00 135.12 164.16 166.72 149.32 141.42 144.71 
AVE. 156.6 1S8.8 150.9 154.1 160.7 156.5 149.5 150.2 
Note: Test sandwich weight includes pine attachments. 
shaped line and the Shapiro-Wilk test had a value of0.967944 and a p-value of 0.0011. It 
was determined that since there was a skewed distribution it would be difficult for the 
Shapiro-Wilk test not to reject the assumption of normality. 
Filler Type 
The eighth hypothesis identified the relationship of shear test sample weight and filler 
type. 
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Figure 4>25. Shear Test — Stem and Leaf and Boxplot 
Hypothesis 8-2: TJtere was no significant difference in shear test sample weight 
between zero slurry, slurry prepared with glass microballoons, and slurry prepared with 
recycled epoxy/fiberglass when used in the marrufacturing of foam core sandwich panels with 
fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between filler types. The mean weights (|af,iieriype) for zero filler, glass 
microballoons, and recycled epoxy/fiberglass fillers were 164.56 grams, 154.04 grams, and 
153.31 grams, respectively. The filler F value in Table 4-13 was calculated as 37.65. A 
critical F value of 3.03 (F2,276) was needed to reject hypothesis 8-2 at the 0.01 level. There 
was a probability of0.0001 that the differences observed between filler types occurred by 
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chance alone. Therefore, hypothesis 8-2 was rejected at the 0.01 level. Significant differences 
in shear test sample weight were found between zero filler, microballoons, and recycled 
epoxy/fiberglass when used in the manufacturing of sandwich panels of foam core with 
fiberglass outer skins. 
A Schefife test was performed at the alpha level of 0.05 to determine which filler type 
was significantly lighter. There were no significant differences in mean weight between 
microballoons and recycled epoxy/fiberglass fillers. However, there was a significant 
difference in mean weight between zero filler and both microballoons and recycled 
epoxy/fiberglass fillers (Table 4-15). The histogram in Figure 4-26 illustrates that test 
sandwich panels with zero filler were the heavier than the two fillers. If weight is an issue 
then it would be advisable to use microballoons or recycled epoxy/fiberglass slurry in 
fiberglass foam core sandwiches. 
Table 4-15. Scheffe's Test for Filler Type 
S imul taneous  S i m u l t an e ou s  
Low er  D i f f e r e nc e  Upper  
FILLER Conf idence  Be tween  Conf i dence  
C om p ar i s on  L im i t  Means  L imi t  
1 
2 
7 .3 03 6  
8 ,0373  
0 
2 
- 13 .7286  
-0 .8092  
2 
2 
•14 . 4680  
-2 .2823  
10 .5161  
11 .2526  
13 .7286  
14 .4680  • • • 
•10 .5161  
0 .7365  
-7 .3036  
2 .2 8 2 3  
-11 .2526  
-0 .7365  
-8 . 0373  
0 .8092  
C omp ar i sons  s i gn i f i can t  a t  the  0 .05  l e ve l  are  ind i ca ted  by  ' *** ' .  
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Figure 4-26. Shear Test — Filler Type Weight Comparison 
Foam Density 
The ninth hypothesis identified the relationship of shear test sample weight and foam 
density. 
Hypothesis 9-2: There was no significant difference in shear test sample weight 
when foam densities are varied when used in the marmfacturing of foam core sandwich 
panels with fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between foam densities. Test sandwich panel mean (Hf(»m density) weights for 3 Ib/ft^, 
4 lb/ft^ 5 lb/ft^ and 6 Ib/ft^ foams were 157.95 grams, 158.09 grams, 150.17 grams, and 
152.01 grams, respectively. The foam density F value in Table 4-13 was calculated as 45.18. 
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A critical F value of 2.64 (F3.276) was needed to reject hypothesis 9-2 at the 0.01 level. There 
was a probability of0.0001 that the differences observed between foam density occurred by 
chance alone. Therefore, hypothesis 9-2 was rejected at the 0.01 level. Significant differences 
in shear test sample weight were found between foam densities when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
A Schefife test was performed at the alpha level of 0.05 to determine which foam 
density was significantly lighter. There were no significant weight differences in sandwich 
panels made with 3 Ib/ft^ or 4 Ib/ft^ and there were also no significant weight differences in 
sandwich panels made with 5 Ib/fl^ or 6 Ib/ft^ foam (Table 4-16). The histogram in Figure 4-
27 illustrates that sandwich panels made with 3 Ib/ft^ or 4 Ib/fl^ were significantly heavier in 
weight than sandwich panels made with 5 Ib/ft^ or 6 Ib/fl^ foam. If weight is an issue then it 
would be advisable to use the 5 Ib/fl^ or 6 Ib/fl^ foam. 
Filler Percentage Ratio 
The tenth hypothesis identified the relationship of shear test sample weight and filler 
percentage ratio of slurry. 
Hypothesis 10-2: There was no significant difference in shear test sample weight 
when filler percentage ratios in slurry are varied when used in the manufacturing of foam 
core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between filler percentage ratios. The mean (HfiUerpereenugeraUo) weights for 0% to 
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Table 4-16. Schefie's Test for Foam Density 
Simul taneous  S imul taneous  
Lower  D i f f erence  Upper  
DENSITY Conf idence  Be tw een  Co n f id en ce  
C o mpa r i so n  L imi t  Means  L imi t  
4  
4  
4  
3  
6 
5  
-2 .3875  
3 .7256  
5 .5770  
0 .1356  
6 .0755  
7 .9189  
2 .6 5 8 7  
8 .4254  
10 .2608  
3  
3  
3  
4 
6 
5  
-2 .6587  
3 .4093  
5 .2602  
-0 .1356  
5 .9399  
7 .7833  
2 .3875  
8 .4704  
10 .3064  
6 
6 
6 
4 
3  
5  
- 8 .4 2 5 4  
-8 .4704  
-0 .5065  
-6 .0755  
- 5 .9 3 9 9  
1 . 8434  
-3 .7 2 5 6  
-3 .4093  
4 .1934  
5  
5  
5  
4  
3  
6 
-10.2608 
- 10 .3064  
-4 .1934  
-7 .9189  
-7 .7833  
-1 .8434  
-5 .5770  
-5 .2 6 0 2  
0 .5065  
C omp ar i sons  s i gn i f i can t  a t  t he  0 .05  l e ve l  are  ind i ca ted  b y  •*** ' .  
3i>yrt3 4i)At3 sb/rts ebAts 
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Figure 4-27. Shear Test - Foam Density Weight Comparison 
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70% filler percentages ratios were 164.56 grams, 159.59 grams, 160.77 grams, 164.78 grams, 
135.05 grams, 161.91 grams, 149.47 grams, and 144.71 grams, respectively. The filler 
percentage ratio F value in Table 4-13 was calculated as 171.75. A critical F value of 2.13 
(F6.276) was needed to reject hypothesis 10-2 at the 0.01 level. There was a probability of 
0.0001 that the difTerences observed between filler percentage ratios occurred by chance 
alone. Therefore, hypothesis 10-2 was rejected at the 0.01 level. Significant differences in 
shear test sample weight were found between filler percentage ratios when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
A Schefife test was performed at the alpha level of 0.05 to determine which filler 
percentage ratio was significantly lighter. Appendix F-3 shows that there were significant 
differences in weight between the following filler percentage ratios: 10%-30%, and the 40%, 
60% and 70% levels each is significantly different in weight fi"om all the other percentages. 
The histogram in Figure 4-28 illustrates that test sandwich panels with 40% filler were the 
lightest, followed by 70% and 60%, respectively. The heaviest filler percentage ratio were 
0%-20%-30%-50%. If weight is an issue then it would be advisable to use the 40%, 60%, 
and 70% percentage ratios. 
Main Effect Interactions 
The eleventh, twelfth, thirteenth, and fourteenth hypotheses concerned two-way and 
three-way interactions between the three independent variables: filler type, foam density, and 
filler percentage ratio. 
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Figure 4-28. Shear Test — Percent Slurry Weight Comparison 
Hypothesis 11-2: There was no two-way interaction between filler type and foam 
density in shear test sample weight when used in the manufacturing of foam core sandwich 
panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and foam density. In Table 4-13, the F value of the interaction between the 
filler type and foam density was calculated as 1.85. A critical F value of 2.13 (Fe. 276) was 
needed to reject hypothesis 11-2 at the 0.05 level. There was a probability of 0.0903 that the 
differences observed between the filler type and foam density occurred by chance alone. 
Therefore, hypothesis 11-2 could not be rejected. There were no significant differences found 
in the interaction between the filler type and foam density when used in the manufacturing of 
foam core sandwich panels with fiberglass outer sicins. 
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Figure 4-29 gives a visual representation showing that there is no interaction. The 
shear test sample weights were lighter when panels were made with both recycled 
epoxy/fiberglass and the 5 Ib/ft^ and 6 Ib/ft^ foams. When using the 3 Ib/ft^, the sandwich 
panels were lighter when glass microballoons were used. Both recycled epoxy/fiberglass and 
microballoons were equal in weight when used with the 4 Ib/ft^ foam. 
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Figure 4-29. Shear Sandwich Weight - Filler Type / Foam Density Interaction 
Hypothesis 12-2: There was no two-way interaction between filler type andfiller 
percentage ratios in shear test sample weight when used in the mcamfacturing of foam core 
sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and the filler percentage ratio. In Table 4-13, the F value of this two-way 
interaction was calculated as 106.92. A critical F value of 2.13 (F6.276) was needed to reject 
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hypothesis 12-2 at the O.Ol level. There was a probability of 0.0001 that the difTerences 
observed between the filler type and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 12-2 was rejected at the 0.01 level. Significant differences were found 
in the interaction between the filler type and the filler percentage ratios when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-30 shows that the interaction occurred at the 30%, 40%, 50%, and 70% filler 
percentage ratios. Sandwich panels with recycled epoxy/fiberglass were lightest in shear test 
sample weight at filler percentage ratios of 30%, 50%, and 60%. Sandwich panels using 
microballoons were lightest in weight at 10%, 20%, 30%, and 70% filler percentage ratios. 
Sandwich panels consisting of 60% microballoons were over 25 grams heavier than 
sandwiches consisting of recycled epoxy/fiberglass. 
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Figure 4-30. Shear Sandwich Weight - Filler Type / Filler Percentage Ratio 
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Hypothesis 13-2: There was no two-way interaction between foam density and filler 
percentage ratios in shear tensile test sample weight when used in the manufacturing of foam 
core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between foam density and the filler percentage ratio. In Table 4-13, the F value of this two-
way interaction was calculated as 8.99. A critical F value of 1.645 (Fig. ne) was needed to 
reject hypothesis 13-2 at the 0.01 level. There was a probability of 0.0001 that the differences 
observed between the foam density and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 13-2 was rejected at the 0.01 level. Significant differences were found 
in the interaction between the foam density and the filler percentage ratio when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-31 shows that the interaction occurred between all foam densities at all filler 
percentage ratios. Sandwich panels made with the 5 Ib/ft^ foam were the lightest samples 
when 0®/o, 10%, 30%, 40%, and 60% filler percentage ratios were used. Sandwich panels 
made with the 6 Ib/ft^ foam were the lightest samples when 20%, 50%, and 70% filler 
percentage ratios were used. The 3 Ib/ft^ and 4 Ib/ft^ foam samples were never the lightest 
sandwich panels. 
Hypothesis 14-2: There was no three-way interaction between filler type, foam 
density, and filler percentage ratios in shear test sample weight when used in the 
manufacturing of foam core sandwich patiels with fiberglass outer skins. 
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Figure 4-31. Shear Sandwich Weight - Foam Density / Filler Percentage Ratio 
Interaction 
An analysis of variance was used to examine whether there was a three-way 
interaction between filler type, foam density, and the filler percentage ratio. In Table 4-13, the 
F value of this three-way interaction was calculated as 7.27. A critical F value of 1.645 (Fis. 
r76) was needed to reject hypothesis 14-2 at the 0.01 level. There was a probability of 0.0001 
that the differences observed in the three-way interaction occurred by chance alone. 
Therefore, hypothesis 14-2 was rejected at the 0.01 level. There were significant differences 
in the three-way interaction between filler type, foam density, and the filler percentage ratio 
when used in the manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-32 shows where all of the three-way interactions occurred. 
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Figure 4-32. Shear Sandwich Weight - Three-Way Interaction 
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Peel (Adhesion) Test 
Results of ANOVA for Strength of Peel (Adhesion) Test 
The dependent variable (y) was recorded in the Data Entry Chart, after testing each of 
the 300 shear test sandwich pieces. An example of the Data Entry Chart using the raw data is 
located in Appendix G. AH data were then entered into a S AS program developed by the 
principal investigator. The first analysis included all 300 observations (Appendix H-1). After 
the first analysis, the following observations were determined to be outliers because each of 
their residuals was equal to or greater than plus or minus two standard deviations from the 
mean: C3-3, C4-4, C8-4, C9-4, C29-2, C40-I, C51-5, C42-1, C45-3, C51-3, C52-3, C58-2 
and C59-4. A total of 13 observations were determined to be outliers out of a possible 300 
items. These 13 observations, 4.33% of the total, were not included in the second analysis. 
The second analysis, based on 287 observations, improved the model. The histogram 
and boxplot, located in Appendbc H-2, gave a visual representation that suggested that the 
observations generally were distributed normally. The normal probability plot did show a very 
slight "S"-shaped curve pattern, although the Shapiro-Wilk test value of 0.977522 and a p-
value of0.0947 led to retain the assumption of normality. 
More modifications were performed to produce a more powerful model. These 
included removing extreme outliers one at a time until the model was stable. After reviewing 
all of these results, three more observations were omitted. These observations deleted were: 
C25-3, C32-4, and C49-4. A total of 16 observations were determined to be outliers out of a 
possible 300 items; thus, 5.33% of the observations were not included in the final analysis. 
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The final analysis, based on 284 observations, improved the model. The ANOVA 
table is shown in Table 4-17, while the relevant output of the final analysis is shown in 
Appendix H-3. The peel (adhesion) strength cell means for the 284 observations are located 
in Table 4-18. 
Table 4-17. ANOVA Table - Peel (Adhesion) Strength 
Depen dent  Var iab l e :  Y  pee l  s t r e ng th  (pounds )  
Sum o f  Mea n  
Source  D F Squares  Square  F  Va lue  Pr  >  F  
Mode l  59  57 .6519201  0 .9771512  14 .59  0 . 0001  
Error  224  15 .0066406  0 .0 6 6 9 9 3 9  
Correc ted  Tota l  283  72 .6585607  
R-Square  C .V .  Root  M SE Y  M ean  
0 .793464  6 . 566168  0 .25883  3 .94190  
Source  D F Type  I  SS  Mean  Square  F  V a l ue  Pr  >  F  
FILL ER 2  9 .  0431786  4 .  5215893  67 .  4 9  0 .  0001**  
DENSITY 3  10 .  4007145  3 .  4669048  51 .  75  0 .  0001**  
FILLER *  D EN SITY  6  1 .  1627809  0 .  1937968  2 .  89  0 .  0098**  
PERCEN T 6  10 .  5464909  1 .  7577485  26 .  24  0 .  0001**  
FILLER*PERCENT 6  7 .  2941430  1 .  2156905  18 .  15  0 .  0001**  
DENSIT Y *PER C EN T 18  10 .  6602245  0 .  5922347  8  .  84  0 .  0001**  
FILL ER* DENSITY*  PERCENT 18  8 .  5443876  0 .  4746882  7 .  09  0 .  0001**  
* Significant at the 0.05 level 
** Significant at the 0.01 level 
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Table 4-18. Cell Means of Peel (Adhesion) Test Panels with 16 Values Removed 
(recorded in pounds) 
Glass Microballoons Recycled Epoxy/Fiberglass 
Foam Density Foam Density 
3 
Ib/ft^ 
4 
Ib/ft^ 
5 
Ib/ft^ 
6 
Ib/ft^ 
3 
lb/ft' 
4 
Ib/ft^ 
5 
Ib/ft^ 
6 
Ib/ft^ 
AVE. 
0% 3.60 3.83 3.72 4.33 N/A N/A N/A N/A 3.85 
10% 3.75 4.09 4.03 3.91 3.52 3.88 3.49 4.26 3.87 
« 
20% 3.15 3.84 3.78 3.85 3.26 3.26 3.59 4.69 3.68 
OS 
« ee 
«8 
30% 3.41 3.64 3.58 3.54 4.02 4.40 4.16 4.04 3.84 
e 
« w u w 
40% 3.30 3.19 3.44 3.69 4.68 3.90 3.90 4.41 3.83 
a. 
u 50% 3.19 3.89 3.99 4.30 3.55 4.38 4.73 4.18 4.02 
u« 60% 3.52 3.68 4.09 3.96 3.67 4.53 4.27 5.41 4.13 
70% 4.36 3.88 4.13 4.36 4.01 4.50 4.64 4.60 4.30 
AVE. 3.53 3.75 3.84 3.99 3.81 4.12 4.11 4.51 
The whole-model F value increased to 14.59, compared to 8.12 in the first analysis. 
This demonstrates that the model's results are getting stronger and more reliable. The value 
of R-Square increased to 0.793464, compared to the first analysis result of 0.666353. The R-
Square value measures how much of the total variability in the dependent variable is explained 
by the model. This means that approximately 80% of the total variability is explained by this 
final analysis model. 
The results in the stem and leaf display and boxplot (Figure 4-33) improved, but the 
visual representations suggested that the observations still had a slightly skewed distribution. 
115 
Normality was not present even though the normal probability plot showed a generally 
straight line and the Shapiro-Wilk test had a value of 0.97312 and a p-value of 0.0151. It was 
determined that since there was a slightly leptokurtic and skewed distribution it would be 
difBcult for the Shapiro-Wilk test to fail to reject the null hypothesis of normality. 
Filler Type 
The first hypothesis identified the relationship of the mechanical property peel 
(adhesion) strength pertaining to filler type. 
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Figure 4-33. Peel (Adhesion) Test - Stem and Leaf and Boxplot 
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Hypothesis 1-3: There was no significant difference in peel (adhesion) strength 
between zero slurry, slurry prepared with glass microballoons, and slurry prepared with 
recycled epoxy/fiberglass when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between filler types. The means (uraiertype) for zero filler, glass microballoons, and 
recycled epoxy/fiberglass fillers were 3.85 lbs, 3.77 lbs, and 4.13 lbs, respectively. The filler F 
value in Table 4-17 was calculated as 67.49. A critical F value of 3.03 (Fx283) was needed to 
reject hypothesis 1-3 at the 0.01 level. There was a probability of0.0001 that the differences 
observed between filler types occurred by chjuice alone. Therefore, hypothesis 1-3 was 
rejected at the 0.01 level. Significant differences in peel (adhesion) strength were found 
between zero filler, microballoons, and recycled epoxy/fiberglass when used in the 
manufacturing of sandwich panels of foam core with fiberglass outer skins. 
A SchefFe test was performed at the alpha level of 0.05 to determine which filler had 
significantly stronger tensile strength (Table 4-19). There were no significant differences in 
peel (adhesion) strength, at the 0.05 level, between zero filler and the hollow glass 
microballoons. However, there was a significant difference, at the 0.05 level, in peel 
(adhesion) strength between recycled epoxy/fiberglass and both zero filler and microballoons. 
The histogram in Figure 4-34 illustrates that the epoxy resin with recycled epoxy/fiberglass 
filler was strongest of the three options. 
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Table 4-19. SchefTe's Test for Filler Type 
FILLER 
Compar i son  
S imul taneous  
Lower  
Conf i dence  
L imi t  
D i f f erence  
Be tween  
Means  
S imul taneous  
Upper  
Conf idence  
L im i t  
2  -  0  
2  -  1  
0 .12256  
0 .28731  
0 .28289  
0 .36 55 3  
0 .4 4 3 2 2  ***  
0 .44375  ***  
0  -  2  
0  -  1  
-0 .44322  
-0 .07740  
-0 .28289  
0 .08264  
-0 .12256  ***  
0 .24268  
I  -  2  
1  -  0  
-0 .44375  
-0 .24268  
-0 .36553  
-0 . 08264  
-0 .28731  ***  
0 .07740  
Con^ar i sons  s i gn i f i can t  a t  the  0 .05  l eve l  a re  ind i ca ted  b y  ' *** '  
Zero Fier Mcrobaloons 
Rller Typ* 
^xy/Fiierglass 
Figure 4-34. Peel (Adhesion) Test - Filler Type Comparison 
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Foam Density 
The second hypothesis identified the relationship of the mechanical property peel 
(adhesion) strength to foam density. 
Hypothesis 2-3: There was no significant difference in peel (adhesion) strength 
when foam densities are varied when used in the manufacturing of foam core sandwich 
panels with fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between foam densities. The means ((iroam denrity) for 3 lb/ft\ 4 lb/ft^ 5 lb/ft\ and 6 
Ib/ft^ foams were 3.67 lbs, 3.91 lbs, 3.96 lbs, and 4.23 lbs, respectively. The foam density F 
value in Table 4-17 was calculated as 51.75. A critical F value of 2.64 (F3.283) was needed to 
reject hypothesis 2-3 at the 0.01 level. There was a probability of 0.0001 that the differences 
observed between foam density occurred by chance alone. Therefore, hypothesis 2-3 was 
rejected at the 0.01 level. Significant differences in peel (adhesion) strength were found 
between foam densities when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
A Scheffe test was performed at the alpha level of 0.05. There were three significantly 
different peel (adhesion) strength groupings. The 6 Ib/ft^ and 3 Ib/fl^ foams were significantly 
different, at the 0.05 level, fi-om all other foams, while there was no significant difference 
between the 4 Ib/fl^ and 5 Ib/fl^ foam (Table 4-20). The histogram in Figure 4-35 illustrates 
that the 6 Ib/fl^ foam sandwiches had the greatest peel (adhesion) strength. The next strongest 
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Table 4-20. SchefTe's Test for Foam Density 
Simul taneous  S imul taneous  
Lower Difference Upper 
D E N SIT Y  C o nf idence  Be tw een  Conf idence  
Compar i son  L imi t  M eans  L imi t  
6 
6 
6 
0 .14870  
0 .19647  
0 .43280  
6 
4  
3  
- 0 . 39346  
-0 .07375  
0 .16257  
-0 .44040  
-0 .16845  
0 .11563  
6 
5  
4  
- 0 . 68017  
-0 . 40823  
-0 .36047  
0 .27108  
0 .3 1 8 4 3  
0 .55648  
0 .3 9 3 4 6  
0 ,44040  
0 .68017  
-0 .27108  
0 .04735  
0 .28540  
-0 .14870  
0 .16845  
0 .40823  
-0 .31843  
-0 .04735  
0 .23805  
-0 .19647  
0 .0 7 3 7 5  
0 .36047  
-0 .55648  
-0 .28540  
-0 .23805  
-0 .43280  
-0 .16257  
-0 .11563  
* « 
Compar i s ons  s i gn i f i can t  a t  the  0 .05  l e ve l  are  ind i ca ted  b y  •*** ' .  
Foam Density 
Figure 4-35. Peel (Adhesion) Test — Foam Density Comparison 
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sandwiches were produced with the 4 Ib/ft^ and 5 Ib/ft^ foam, and the weakest foam 
sandwiches contained the 3 Ib/ft^ foam. 
Filler Percentage Ratio 
The third hypothesis identified the relationship of the mechanical property peel 
(adhesion) strength to the filler percentage ratio of slurry. 
Hypothesis 3-3: There was no significant difference in peel (adhesion) strength 
when filler percentage ratios in slurry are varied when used in the manufacturing of foam 
core sandwich panels with fiberglass outer sJdns. 
An analysis of variance was used to determine whether there was a significant 
difference between filler percentage ratios. The means (|if,iierpercenugenitio) for 0% to 70% filler 
percentages ratios were 3.85 lbs, 3.87 lbs, 3.68 lbs, 3.84 lbs, 3.83 lbs, 4.02 lbs, 4.13 lbs, and 
4.30 lbs, respectively. The filler percentage ratio F value in Table 4-17 was calculated as 
26.24. A critical F value of 2.13 (F6.283) was needed to reject hypothesis 3-3 at the 0.01 level. 
There was a probability of0.0001 that the differences observed between filler percentage 
ratios occurred by chance alone. Therefore, hypothesis 3-3 was rejected at the 0.01 level. 
Significant differences in peel (adhesion) strength were found between filler percentage ratios 
when used in the manufacturing of foam core sandwich panels with fiberglass outer skins. 
A Scheffe test was performed at the alpha level of 0.05. There were 11 statistically 
significant filler percentage ratios comparisons (Appendix H-3). The histogram in Figure 4-36 
shows that there are significant differences in shear strengths between the following filler 
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percentage ratios: 0®/o-70%, 10%-60%, 10%-70%, 20%-50%, 20%-60%, 20%-70%, 30%-
60%, 30%-70%, 40%-60%, 40%-70%, and 50%-70%. Sandwich panels consisting of 70% 
filler were significantly stronger than all the other panels (excluding 60%). Sandwich panels 
containing 20% filler were significantly weaker than 50%, 60% and 70% filler ratios. If peel 
(adhesion) strength is critical, the choice of filler percentage ratio would be 70%, followed by 
60%, 50%, 10%, 0%, 30%, 40%, and 20%, in order of strength. 
Filler Percentage Ratio 
Figure 4-36. Peel (adhesion) Test - Percent Slurry Comparison 
Main Effect Interactions 
The fourth, fifth, sixth, and seventh hypotheses concerned the two-way and three-way 
interactions between the three independent variables: filler type, foam density, and filler 
percentage ratio. 
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Hypothesis 4-3: There was no two-way interaction between filler type andfoam 
density in peel (adhesion) strength when used in the manufacturing of foam core sandwich 
panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and foam density. In Table 4-17, the F value of the interaction between the 
filler type and foam density was calculated as 2.89. A critical F value of 2.13 (F6.283) was 
needed to rqect hypothesis 4-3 at the 0.01 level. There was a probability of 0.0098 that the 
differences observed between the filler type and foam density occurred by chance alone. 
Therefore, hypothesis 4-3 was rejected at the 0.01 level. Significant differences were found in 
the interaction between the filler type and foam density when used in the manufacturing of 
foam core sandwich panels with fiberglass outer skins. 
Figure 4-37 shows that the interaction occurred at the 5 Ib/ft^ and 6 Ib/ft^ foam. If 
filler type and foam density were the only two variables considered in peel (adhesion) strength 
in this study, then filler type selection should be determined by the foam density being used in 
the sandwich panel. Recycled epoxy/fiberglass should be added to the resin for all four foam 
densities. Sandwich panels that contain zero filler or microballoons are similar in peel 
(adhesion) strength but not to sandwiches with recycled epoxy/fiberglass. Microballoons in 
filler decreased a sandwiches shear strength considerably when used with 5 Ib/ft^, but when 
used with 6 Ib/ft^ foam the peel (adhesion) strength was very similar to recycled 
epoxy/fiberglass powder. 
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Figure 4-37. Peel (Adhesion) Test - Filler Type / Foam Density Interaction 
Hypothesis S-3: There was no two-way interaction between filler type andfiller 
percentage ratios in peel (adhesion) strength when used in the manufacturing of foam core 
sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and the filler percentage ratio. In Table 4-17, the F value of this two-way 
interaction was calculated as 18.15. A critical F value of 2.13 (F6.283) was needed to reject 
hypothesis 5-3 at the 0.01 level. There was a probability of 0.0001 that the differences 
observed between the filler type and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 5-3 was rejected at the 0.01 level. Significant differences were found in 
the interaction between the filler type and the filler percentage ratios when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
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Figure 4-38 shows that the interartion occurred at the 20% filler percentage ratios. 
Sandwich panels with recycled epoxy/fiberglass powder had better peel (adhesion) strength at 
filler percentage ratios of 30%, 40%, 50%, 60%, and 70%. Both fillers had equal peel 
(adhesion) strength at the 20% filler percentage ratio while microballoons had greater strength 
at 10%. Sandwich panels consisting of filler percentage ratios of 30% and greater should use 
recycled epoxy/fiberglass as the filler. Sandwich panels should contain microballoons at the 
lower filler percent ratios. 
Hypothesis 6-3: There was no two-way interaction between foam density andfiller 
percentage ratios in peel (adhesion) strength when used in the manufacturing of foam core 
sandwich panels with fiberglass outer skins. 
Mcrobaloons 
^xy/Fbergiass i 
3.0 . i i' J 
0% 10% 20% 30% 40% 50% 60% 70% 
Filler Percentage Ratio 
Figure 4-38. Peel (Adhesion) Strength — Filler Type / Filler Percentage Ratio Interaction 
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An analysis of variance was used to examine whether there was a two-way interaction 
between foam density and the filler percentage ratio. In Table 4-17, the F value of this two-
way interaction was calculated as 8.84. A critical F value of 1.645 (Fis. 283) was needed to 
reject hypothesis 6-3 at the 0.01 level. There was a probability of 0.0001 that the differences 
observed between the foam density and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 6-3 was rejected at the 0.01 level. Significant differences were found in 
the interaction between the foam density and the filler percentage ratio when used in the 
manufacturing of foam core sandAvich panels with fiberglass outer skins. 
Figure 4-39 shows that the interaction occurred between all the foams at the 40% and 
50% filler percentage ratios. Several other foam density combinations had interactions that 
occurred at the 20%, 30%, 60%, and 70% filler percentage ratios. The 6 Ib/ft^ foam should 
be used to make sandwich panels when using 0%, 10%, 20%, 40%, 60% and 70% filler 
percentage ratios. The 5 Ib/ft^ foam should be used to make sandwich panels with a 50% filler 
percentage ratio, and the 4 Ib/ft^ foam should be used at the 30% filler percentage ratio. 
Sandwich panels made with the 3 Ib/ft^ foam had the same peel (adhesion) strength as the 6 
Ib/ft^ foam when using a 40% filler percentage ratio. 
Hypothesis 7-3: There was no three-way interaction between filler type, foam 
density, and filler percentage ratios in peel (adhesion) strength when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a three-way 
interaction between filler type, foam density, and the filler percentage ratio. In Table 4-17, the 
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Figure 4-39. Peel (Adhesion) Test - Foam Density / Filler Percentage Ratio Interaction 
F value of this three-way interaction was calculated as 7.09. A critical F value of 1.645 (Fis. 
283) was needed to reject hypothesis 7-3 at the 0.01 level. There was a probability of0.0001 
that the differences observed in the three-way interaction occurred by chance alone. 
Therefore, hypothesis 7-3 was rejected at the 0.01 level. There were significant differences in 
the three-way interaction between filler type, foam density, and the filler percentage ratio 
when used in the manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-40 shows where all of the three-way interactions occurred. 
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Figure 4-40. Peel (Adhesion) Test - Three-Way Interaction 
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Results of ANOVA for the Weight of Peel (Adhesion) Test Sandwiches 
All 300 test sandwich panels were weighed (with plywood attachments) and recorded 
in the Data Entry Chart. An example of the Data Entry Chart using raw data weight is located 
in Appendix G. All data were then entered into a SAS program developed by the principal 
investigator. The first analysis included all 300 observations (Appendix I-1). After the first 
analysis, the following observations were determined to be outliers because each of their 
residuals was equal to or greater than plus or minus two standard deviations fi'om the mean: 
C2-5, C4-1, C4-3, C7-I, CI 1-1, CI 1-3, C32-2, C32-3, C37-4, C43-3, C50-4, C50-5, C53-3, 
and C54-3. A total of 14 observations were determined to be outliers out of a possible 300 
items. These 14 observations, 4.67% of the total, were not included in the second analysis. 
The second analysis, based on 286 observations, improved the model. The histogram 
and boxplot, located in Appendix 1-2, provide a visual representation suggesting that the 
observations had a leptolcurtic distribution. Even though the normal probability plot showed a 
generally straight line, normality was not present since the Shapiro-Wilk test had a value of 
0.974588 and a p-value of0.0290. 
More modifications were performed to achieve a stronger model. These included 
removing extreme outliers one at a time. After reviewing all of these results, two more 
observations were omitted. The additional observations deleted were: Cll-2 and C48-5. A 
total of 16 observations were determined to be outliers out of a possible 300 items; thus, 
5.33% of the observations were not included in the final analysis. 
The final analysis, based on 284 valid observations, improved the model. The 
ANOVA table is shown in Table 4-21, while the relevant output of the final analysis is shown 
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Table 4-21. ANOVA Table — Weight of Peel (Adhesion) Test Sandwich Panels 
Dependent  Var iab le :  Y pee l  we ight  (gre ims)  
Sum of  
Source  DF Squares  
Mean  
Square  F  Value  Pr  >  F  
Mode l  
Error  
Correc ted  Tota l  
59  
224  
283  
R-Square  
0 .744454  
8982 .50911  
3083 .39483  
12065 .90394  
C.V.  
2 .306030  
152 .24592  
13 .76516  
Root  MSE 
3 .71014  
11.06 0 . 0 0 0 1  
Y Mean 
160 .889  
Source  DF Type  I  SS  Mean Square  F  Value  Pr  >  F  
FILLER 2  272 .  59489  136 .  29744  9 .  90  0 .  0001**  
DENSITY 3  281 .  03077  93 .  67692  6 .  81  0 .  0002**  
FILLER*DENSITY 6  1028 .  05680  171 .  34280  12 .  45  0 .  0001**  
PERCENT 6  3119 .  15697  519 .  85950  37 .  77  0 .  0001**  
FILLER*PERCENT 6  601 .  11630  100 .  18605  7 .  28  0 .  0001**  
DENSITY*PERCENT 18  1587 .  64788  88 .  20266  6 .  41  0 .  0001**  
FILLER* DENSITY* PERCENT 18  2092 .  90551  116 .  27253  8 .  45  0 .  0001**  
* Significant at the 0.05 level 
** Significant at the 0.01 level 
in Appendix 1-3. The panel (adhesion) weight averages for each test cell are recorded in 
Table 4-22. 
In Table 4-21, the whole model F value increased to 11.06, compared to 7.05 in the 
first analysis. This demonstrates that the model's results are getting stronger and more 
reliable. The value of R-Square increased to 0.744454, compared to the first analysis results 
of 0.633992. The R-Square value measures how much of the total variability in y is explained 
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by the model. This means that approximately 75% of the total variability is explained by this 
final analysis model. 
The results in the stem and leaf display and boxplot (Figure 4-41) improved, but the 
visual representations suggested that the observations still had a leptolcurtic distribution. 
Normality still was not present since the Shapiro-Wilk test had a value of 0.967944 and a p-
value of 0.0011, even though the normal probability plot showed a generally straight line. It 
was determined that since there was a leptokurtic distribution it would be difficult for the 
Shapiro-Wilk test to fail to reject the assumption of normality. 
Filler Type 
The eighth hypothesis identified the relationship of peel (adhesion) test sample weight 
and filler type. 
stem Leaf Boxplot 
7 00059 5 1 
6 12569 5 1 
5 01235 5 1 
4 0011122233334 677788 19 1 
3 0002333334445566789999 22 1 
2 002223344444556666677788999 27 + + 
1 00000111112222334 44555566666799 31 1 1 
0 011122222233334445556677788999 30 • — + — .  
-0 99998888887666666665555444444322222111100 41 1 1 
-1 98888777765554333221100 23 1 1 
-2 8877777433221111000 19 + + 
-3 87766532221000 14 1 
-4 99887654433211100 17 1 
-5 866554322222210 15 1 
-6 9733322 7 1 
-7 8644 4 1 
— — —4—- — —— — 4.— — — —+— — — — 4.— 
Figure 4-41. Peel (Adhesion) Test - Stem and Leaf and Boxplot 
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Table 4-22. Weight Ceil Means of Peel (Adhesion) Test Panels with 16 Values Removed 
(recorded in grams) 
Glass Microballoons Recycled Epoxy/Fiberglass 
Foam Density Foam )ensity 
3 
Ib/ft^ 
4 
Ib/ft^ 
5 
Ib/ft^ 
6 
Ib/ft^ 
3 
lb/ft' 
4 
Ib/ft^ 
5 
Ib/ft^ 
6 
Ib/ft^ 
AVE. 
Fi
lle
r P
er
ce
nt
ag
e 
R
at
io
 
0% 169.02 171.93 158.26 157.67 N/A N/A N/A N/A 164.54 
Fi
lle
r P
er
ce
nt
ag
e 
R
at
io
 
10% 154.10 159.14 166.55 169.68 162.42 161.32 152.30 154.18 160.42 
Fi
lle
r P
er
ce
nt
ag
e 
R
at
io
 
20% 151.28 148.86 156.96 160.62 156.16 156.36 151.62 157.54 154.93 
Fi
lle
r P
er
ce
nt
ag
e 
R
at
io
 
30% 158.00 163.64 159.22 156.56 161.34 156.26 169.16 161.06 160.66 
Fi
lle
r P
er
ce
nt
ag
e 
R
at
io
 
40% 158.56 154.86 154.96 159.90 166.06 159.94 159.92 163.44 159.69 
Fi
lle
r P
er
ce
nt
ag
e 
R
at
io
 
50% 157.95 163.00 157.84 157.84 157.74 161.68 156.48 166.32 159.99 
Fi
lle
r P
er
ce
nt
ag
e 
R
at
io
 
60% 169.% 163.92 155.26 164.83 165.96 152.93 161.54 156.96 161.79 
Fi
lle
r P
er
ce
nt
ag
e 
R
at
io
 
70% 160.43 166.53 168.34 172.62 168.20 162.88 165.34 173.60 167.44 
AVE. 159.9 161.5 159.7 162.5 162.6 158.8 159.5 161.9 
Note: Test sandwich weight includes plywood attachments. 
Hypothesis 8-3: There was no significant difference in peel (adhesion) test sample 
weight between zero slurry, slurry prepared with glass microballoons, and slurry prepared 
with recycled epoxy/fiberglass when used in the manufacturing of foam core sandwich panels 
with fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between filler types. The mean weights (Hfijienypc) for zero filler, glass 
microballoons, and recycled epoxy/fiberglass fillers were 164.54 grams, 160.31 grams, and 
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161.00 grams, respectively. The filler F value in Table 4-21 was calculated as 9.90. A critical 
F value of 3.03 (F2.283) was needed to reject hypothesis 8-3 at the 0.01 level. There was a 
probability of0.0001 that the differences observed between filler types occurred by chance 
alone. Therefore, hypothesis 8-3 was rejected at the 0.01 level. Significant differences in peel 
(adhesion) test sample weight were found between zero filler, microballoons, and recycled 
epoxy/fiberglass when used in the manufacturing of sandwich panels of foam core with 
fiberglass outer skins. 
A Scheffe test was performed at the alpha level of 0.05 to determine which filler type 
was significantly lighter. There were no significant differences in mean weight between 
microballoons and recycled epoxy/fiberglass fillers. However, there was a significant 
difference in mean weight between zero filler and both microballoons and recycled 
epoxy/fiberglass fillers (Table 4-23). The histogram in Figure 4-42 illustrates that test 
sandwich panels with zero filler were the lighter than the two fillers. If weight is an issue then 
it would be advisable to use either microballoons or epoxy/fiberglass slurry in fiberglass foam 
core sandwiches. 
Foam Density 
The ninth hypothesis identified the relationship of peel (adhesion) test sample weight 
and foam density. 
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Table 4-23. Schefle's Test for Filler Type 
FILLER 
Compar i son  
S imul taneous  
Lower  
Conf idence  
L imi t  
Di f ference  
Between  
Means  
S imul taneous  
Upper  
Conf idence  
L imi t  
0  -  2  
0  -  1  
1 .1792  
1 .8722  
3 .5331  
4 .2270  
5 .8869  
6 .5819  
2  -  0  
2  -  1  
-5 .8869  
-0 .4251  
-3 .5331  
0 .6940  
-1 .1792  ***  
1 .8130  
1  -  0  
1  -  2  
-6 .5819  
-1 .8130  
-4 .2270  
-0 .6940  
-1 .8722  ***  
0 .4251  
Compar i sons  s ign i f i cant  a t  the  0 .05  l eve l  are  ind ica ted  by  
Zero Flier Mcrobaloons 
i=ni«rType  
^xsxy/Fberglass 
Figure 4-42. Peel (Adhesion) Test - Filler Type Weight Comparison 
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Hypothesis 9-3: There was no significant difference in peel (adhesion) test sample 
weight when foam densities are varied when used in the manufacturing of foam core 
sandwich panels with fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
di£ference between foam densities. Test sandwich panel mean (lOfoimdemity) weights for 3 ib/ft^, 
4 Ib/ft^, 5 Ib/ft^, and 6 Ib/ft^ foams were 161.20 grams, 160.17 grams, 159.84 grams, and 
162.34 grams, respectively. The foam density F value in Table 4-21 was calculated as 6.81. 
A critical F value of 2.64 (F3,283) was needed to reject hypothesis 9-3 at the 0.01 level. There 
was a probability of0.0002 that the differences observed between foam density occurred by 
chance alone. Therefore, hypothesis 9-3 was rejected at the 0.01 level. Significant differences 
in peel (adhesion) test sample weight were found between foam densities when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
A Scheffe test was performed at the alpha level of 0.05 to determine which foam 
density was significantly lighter. There were no significant weight differences in sandwich 
panels made with 3 Ib/fl^, 4 Ib/fl^ or 5 Ib/fl^ foam, but there were significant weight differences 
in sandwich panels made with the 6 Ib/ft^ foam (Table 4-24). The histogram in Figure 4-43 
illustrates that sandwich panels made with 3 Ib/ft^, 4 Ib/fl^, and 5 Ib/ft^ were significantly 
lighter in weight than sandwich panels made with 6 Ib/fl^ foam. If weight is an issue then it 
would be advisable to use the 3 Ib/fl^, 4 Ib/fl^, and 5 Ib/fl^ foam. 
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Table 4-24. SchefTe^s Test for Foam Density 
Simul taneous  S imul taneous  
Lower  D i f ference  Upper  
DENSITY Conf idence  Between  Conf idence  
Compar i son  Limi t  Means  L imi t  
6  -  3  
6  -  4  
6  -  5  
3  -  6  
3  -  4  
3  -  5  
4 - 6 
4  -  3  
4  -  5  
5  -  6  
5  -  3  
5  -  4  
-0.6026 
0 .4164  
0 .7363  
-2 .8939  
-0 .7110  
-0 .3911  
-3 .9370  
-2 .7730  
-1 .4341  
-4 .2694  
-3 .1055  
-2 .0865  
1 .1457  
2 .1767  
2 .5029  
-1 .1457  
1 .0310  
1 .3572  
-2 .1767  
-1 .0310  
0 .3262  
-2 .5029  
-1 .3572  
-0 .3262  
2 .8939  
3 .9370  ***  
4 .2694  ***  
0 . 6 0 2 6  
2 .7730  
3 .1055  
-0 .4164  ***  
0 .7110  
2 .0865  
-0 .7363  •**  
0 .3911  
1 .4341  
Compar i sons  s ign i f i cant  a t  the  0 .05  l eve l  are  ind ica ted  by  '*** ' .  
3 b/fta 4 b/ft3 5 b/rt3 6 b/ft3 
Foam Density 
Figure 4-43. Peel (Adhesion) Test - Foam Density Weight Comparison 
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Filler Percentage Ratio 
The tenth hypothesis identified the relationship of peel (adhesion) test sample weight 
and filler percentage ratio of slurry. 
Hypothesis 10-3: There was no significant difference in peel (adhesion) test sample 
weight when filler percentage ratios in slurry are varied when used in the manufacturing of 
foam core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to determine whether there was a significant 
difference between filler percentage ratios. The mean (^ifiucrpercenugenuio) weights for 0% to 
70% filler percentages ratios were 164.54 grams, 160.42 grams, 154.93 grams, 160.66 grams, 
159.70 grams, 160.00 grams, 161.79 grams, and 167.44 grams, respectively. The filler 
percentage ratio F value in Table 4-21 was calculated as 37.77. A critical F value of 2.13 (Fe. 
283) was needed to reject hypothesis 10-3 at the 0.01 level. There was a probability of 0.0001 
that the di£ferences observed between filler percentage ratios occurred by chance alone. 
Therefore, hypothesis 10-3 was rejected at the 0.01 level. Significant differences in peel 
(adhesion) test sample weight were found between filler percentage ratios when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
A Scheffe test was performed at the alpha level of 0.05 to determine which filler 
percentage ratio was significantly lighter. Appendix 1-3 shows that there were significant 
differences in weight between the following filler percentage ratios; 0%-40%, 0%-50%, and 
the 20% and 70% (except for 70%-0%) levels each is significantly different in weight fi-om all 
the other percentages. The histogram in Figure 4-44 illustrates that test sandwich panels with 
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0* 10* 20% 30% 40% 50% 60% 70% 
Fiilcr Parcsntag* Ratio 
Figure 4-44. Peel (Adhesion) Test - Percent Slurry Weight Comparison 
20% filler were the lightest and that 70% is the heaviest filler percentage ratio. If weight is an 
issue then it would be advisable to use the 20% filler percentage ratio. 
Main Effect Interactions 
The eleventh, twelfth, thirteenth, and fourteenth hypotheses concerned two-way and 
three-way interactions between the three independent variables: filler type, foam density, and 
filler percentage ratio. 
Hvoothesis 11-3: There was no two-way interaction between filler type and foam 
density in peel (adhesion) test sample weight when used in the manufacturing of foam core 
sandwich panels with fiberglass outer skins. 
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An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and foam density. In Table 4-21, the F value of the interaction between the 
filler type and foam density was calculated as 12.45. A critical F value of 2.13 (F6.283) was 
needed to reject hypothesis 11-3 at the 0.01 level. There was a probability of0.0001 that the 
differences observed between the filler type and foam density occurred by chance alone. 
Therefore, hypothesis 11-3 was rejected at the 0.01 level. Significant differences in weight 
were found in the interaction between filler type and foam density when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-45 shows that the interaction occurred at the 4 Ib/ft^, 5 Ib/ft^, and 6 Ib/ft^ 
foam. If filler type and foam density were the only two variables considered in peel (adhesion) 
test sample weight, then filler type selection should be determined by the foam density being 
used in the sandwich panel. To achieve the lightest peel (adhesion) test samples, 
microballoons should be used on the 3 Ib/ft^ foam, epoxy/fiberglass on the 4 Ib/ft^ foam, and 
zero filler should be used on the 5 Ib/ft^ and 6 Ib/fl^ foam. As a result of the significant two-
way interaction, zero filler decreased in weight by more than 10 grams when used with the 
heavier two foams. 
Hypothesis 12-3: There was no two-way interaction between filler type andfiller 
percentage ratios in peel (adhesion) test sample weight when used in the manufacturing of 
foam core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between filler type and the filler percentage ratio. In Table 4-21, the F value of this two-way 
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Foam Density 
Figure 4-45. Peel (Adhesion) Sandwich Weight - Filler Type / Foam Density Interaction 
interaction was calculated as 7.28. A critical F value of 2.13 (Fe, 283) was needed to reject 
hypothesis 12-3 at the 0.01 level. There was a probability of 0.0001 that the differences 
observed between the filler type and the percentage of filler occurred by chance alone. 
Therefore, hypothesis 12-3 was rejected at the 0.01 level. Significant differences were found 
in the interaction between the filler type and the filler percentage ratios when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-46 shows that the interaction occurred at the 20%, 60%, and 70% filler 
percentage ratios. Sandwich panels with microballoons were lightest in peel (adhesion) test 
sample weight at filler percentage ratios of 30%, 40%, and 50%. Both fillers were equal in 
weight at the 20% and 70% filler percentage ratios while sandwich panels using recycled 
epoxy/fiberglass were lightest in weight at 10% and 60%. Sandwiches consisting of 40% 
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Figure 4-46. Peel (Adhesion) Sandwich Weight - Filler Type / Filler Percentage Ratio 
Interaction 
recycled epoxy/fiberglass were over five grams heavier than sandwiches consisting of 
microballoons. 
Hypothesis 13-3: There was no two-way interaction between foam density andfiller 
percentage ratios in peel (adhesion) test sample weight when used in the manufacturing of 
foam core sandwich panels with fiberglass outer skins. 
An analysis of variance was used to examine whether there was a two-way interaction 
between foam density and the filler percentage ratio. In Table 4-21, the F value of this two-
way interaction was calculated as 6.41. A critical F value of 1.645 (Fis. 283) was needed to 
reject hypothesis 13-3 at the 0.01 level. There was a probability of 0.0001 that the differences 
observed between the foam density and the percentage of filler occurred by chance alone. 
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Therefore, hypothesis 13-3 was rejected at the 0.01 level. Significant differences were found 
in the interaction between the foam density and the filler percentage ratio when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-47 shows that the interaction occurred between all foam densities at all filler 
percentage ratios. Sandwich panels made with the 3 Ib/ft^ foam were the lightest samples 
when 10%, 50%, and 70% filler percentage ratios were used. Sandwich panels made with the 
4 Ib/fl^ foam were the lightest samples when 20%, 40%, and 70% filler percentage ratios were 
used. Sandwich panels made with the 5 Ib/fl^ foam were the lightest samples when 0%, 40%, 
50%, and 60% filler percentage ratios were used. Sandwich panels made with the 6 Ib/fl^ 
foam were the lightest samples when 0% and 30% filler percentage ratios were used. As a 
result of the significant two-way interaction, the sandwich panels produced with 3 Ib/fl^ and 4 
Ib/fl^ foam became the lightest two foam sandwiches, compared to the heaviest two, by adding 
10% filler into the epoxy resin. 
Hypothesis 14-3: There was no three-way interaction between filler type, foam 
density, and filler percentage ratios in peel (adhesion) test sample weight when used in the 
manufacturing of foam core sandwich panels with fiberglass outer sldns. 
An analysis of variance was used to examine whether there was a three-way 
interaction between filler type, foam density, and the filler percentage ratio. In Table 4-21, the 
F value of this three-way interaction was calculated as 8.45. A critical F value of 1.645 (Fis. 
283) was needed to reject hypothesis 14-3 at the 0.01 level. There was a probability of0.0001 
that the differences observed in the three-way interaction occurred by chance alone. 
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Figure 4-47. Peel (Adhesion) Sandwich Weight - Foam Density / Filler Percentage 
Ratio Interaction 
Therefore, hypothesis 14-3 was rejected at the 0.01 level. There were significant differences 
in the three-way interaction between filler type, foam density, and the filler percentage ratio 
when used in the manufacturing of foam core sandwich panels with fiberglass outer skins. 
Figure 4-48 shows where all of the three-way interactions occurred. 
Summary of Findings 
This chapter presented the results and findings of this study. All fourteen hypotheses 
had three subparts, which made a total of 42 hypotheses. Table 4-25 shows that 40 out of 42, 
95%, of the null hypotheses were rejected at the 0.01 level. Hypotheses 4-1 and 11-2 were 
the only two hypotheses for which the null hypothesis was retained. Both of these hypotheses 
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Figure 4-48. Peel (Adhesion) Sandwich Weight - Three-Way Interaction 
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tested the interaction between filler type and foam density. To check against the risk of Type 
I error, these 42 hypotheses were also tested by the Bonferroni method at the 0.05 level. The 
Bonferroni method reduces the risk of false significance among a family of hypotheses 
(Keppel, 1991). Hypothesis 1-1 and 4-2 were not significant using the Bonferroni method. 
Table 4-25. Summary of Findings 
Hypothesis Tensile Test Shear Test Peel (Adhesion)Test 
1 1-1 Rejected ** 1-2 Rejected ** @ 1-3 Rejected ** @ 
2 2-1 Rejected ** @ 2-2 Rejected ** @ 2-3 Rejected ** @ 
3 3-1 Rejected ** @ 3-2 Rejected ** @ 3-3 Rejected ** @ 
4 4-1 Retained 4-2 Rejected ** @ 4-3 Rejected ** 
5 5-1 Rejected @ 5-2 Rejected @ 5-3 Rejected ** @ 
6 6-1 Rejected ** @ 6-2 Rejected ** @ 6-3 Rejected @ 
7 7-1 Rejected ** @ 7-2 Rejected ** @ 7-3 Rejected ** @ 
8 8-1 Rejected @ 8-2 Rejected ** @ 8-3 Rejected ** @ 
9 9-1 Rejected ** @ 9-2 Rejected ** @ 9-3 Rejected ** @ 
10 lO-l Rejected ** @ 10-2 Rejected ** @ 10-3 Rejected ** @ 
11 11-1 Rejected ** @ 11-2 Retained 11-3 Rejected ** @ 
12 12-1 Rejected ** @ 12-2 Rejected ** @ 12-3 Rejected ** @ 
13 13-1 Rejected ** @ 13-2 Rejected ** @ 13-3 Rejected ** @ 
14 14-1 Rejected ** @ 14-2 Rejected ** @ 14-3 Rejected ** @ 
** Significant at the 0.01 level 
@ Significant at the 0.05 level using the Bonferroni Method 
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CHAPTER 5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
The preceding four chapters of this study dealt with the problem and purpose of the 
study, literature review, methodology, and findings. This chapter presents a summary of the 
study, discussion, draws conclusions, and presents recommendations for future research based 
on this study. 
Summary of the Study 
More than 500,000 tons of fiberglass reinforced plastic products were produced in 
1995, and the amount being used is increasing every year. According to Kojima and 
Furukawa (1995); 
. . .  t h e  q u a n t i t y  o f  s c r a p p e d  F R P  [ g l a s s  f i b e r  r e i n f o r c e d  p l a s t i c s ]  i s  a l s o  
increasing. But its disposal and recycling have constituted a great social 
problem, as there is no effeaive reusing system for it. (p. 137) 
Once damaged, most composite products are useless and discarded into landfills. As a result, 
composite manufacturers are paying large sums of money to have their composite wastes 
hauled to landfills. It would be desirable to have an alternative use for discarded cured 
composites besides filling up valuable landfill space. 
The problem of this study was to determine whether fiberglass foam core sandwiches 
made with recycled epoxy/fiberglass have equal or better flatwise tension, shear, and peel 
(adhesion) mechanical properties when compared with composite sandwiches made with 
industry standard glass microballoons. This alternative could save money by. 1) reusing 
cured composite materials, 2) consuming less virgin composite materials, 3) spending less on 
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transportation and disposing of unusable composites, and 4) possibly enabling companies to 
sell their recycled composite powder to other manufacturers. 
The purpose of this study was fourfold: 
1) To identify mechanical property parameters for the composite industry where recycled 
epoxy/fiberglass can be an alternative for glass microballoons in the construction of 
fiberglass foam core sandwich panels. 
2) To provide the composite industry with a viable use for recycled composite materials 
which can result in the reduction of composite materials in landfills. 
3) To provide the composite industry with a matrix of cost and weight toward the 
reduction of product cost for the manufacturer. 
4) To assist the principal investigator (PI) in developing a research agenda for continued 
growth in the profession. 
Methodology 
This study was divided into three areas based on each of the three mechanical property 
tests. These tests were: flatwise tensile test, shear test, and peel (adhesion) test. Each test 
had 300 samples for a combined total of 900 sandwich test samples for this study. The 
sandwich panels in this study were comprised of two parts and were produced by using 
standard composite wet lay-up procedures. One half of the samples consisted of 450 
composite foam sandwich panels made with Divinycell's polyvinyl foam, Aeropoxy's PR2032 
epoxy resin with PH3660 hardener, Hexcell's 8.8 oz. bi-directional fiberglass, and 3M's 
B23/500 hollow glass microballoons. The second half of the samples consisted of 450 
composite foam sandwich panels made with Divinycell's polyvinyl foam, Aeropoxy's PR2032 
epoxy resin with PH3660 hardener, Hexcell's 8.8 oz. bi-directional fiberglass, and recycled 
epoxy/fiberglass powder. 
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The collected data were analyzed by using the Statistical Analysis System (SAS) 
program. A factorial experiment with three independent variables was used as the model for 
the experimental design. The first variable, filler type, had three levels; zero filler, 
microballoons, and recycled epoxy/fiberglass. The second variable, foam density, had four 
levels: 3 Ib/ft^, 4 Ib/ft^, 5 Ib/ft^, and 6 Ib/ft^. The third variable, filler percentage ratio, had 
eight levels: 0%, 10%, 20%, 30%, 40%, 50%, 60%, and 70%. An analysis of variance 
(ANOVA) was used to test for significant differences between cell means using the general 
linear models function. By using a factorial experiment, it was possible to determine any 
independent variable two-way or three-way interactions (Fraenkel & Wallen, 1993). 
Findings of the Study (by hypothesis) 
The fourteen hypotheses in Chapter 1 were tested to determine if there were adhesive 
strength and weight differences in: 1) filler type, 2) foam density, and 3) in the amount of 
filler percentage ratios in slurry. An ANOVA was used to interpret the dependent variable 
outcomes for the following three tests: flatwise tensile, shear, and peel (adhesion). Any null 
hypotheses that had a probability (p-value) smaller than 0.05 were rejected, while any 
hypotheses with p-values larger than 0.05 were retained. 
Hypothesis 1: There is no significant difference in I) flatwise tension strength, 2) 
shear strength, and 3) peel (adhesion) strength between zero slurry, slurry prepared with 
glass microballoons and slurry prepared with recycled epoxy/fiberglass when used in the 
manufacturing of foam core sandwich panels with fiberglass outer skins. 
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The null hypothesis was rejected for all three tests. In all three tests, the recycled 
epoxy/fiberglass filler was equal or significantly stronger than the hollow glass nucroballoons. 
Zero filler was significantly stronger than the two fillers in both flatwise tensile and shear tests. 
Hypothesis 2: There is no significant difference in 1) flatwise tension strength, 2) 
shear strength, and 3) peel (adhesion) strength when foam densities were varied when used 
in the manufacturing offoam core sandwich panels with fiberglass outer skins. 
The null hypothesis was rejected for all three tests. In all three tests, the 6 Ib/fl^ foam 
was significantly stronger, while the 3 Ib/ft^ foam was significantly weaker. The 4 ib/fl^ foam 
had stronger tensile strength than the 5 lb/ft' foam, but were reversed in shear strength. This 
may have been caused by a potential foam improvement in the 4 Ib/ft^, or by possible 
inconsistencies in the manufacturing of the 4 Ib/fl^. The 4 Ib/ft^ and 5 Ib/ft^ foams were equal 
in peel (adhesion) strength. 
Hypothesis 3: There is no significant difference in I) flatwise tension strength, 2) 
shear strength, and 3) peel (adhesion) strength when filler percentage ratios in slurry were 
varied when used in the manufacturing of foam core sandwich panels with fiberglass outer 
skins. 
The null hypothesis was rejected for all three tests. Sandwich panels with no filler had 
the strongest tensile and shear strength, while the panels with the strongest peel (adhesion) 
strength were at the 70% filler percentage ratio. Sandwich panels with a 20% filler 
percentage ratio were the weakest in both flatwise tension and peel (adhesion) strength, while 
the panels with the weakest shear strength were at the 10% and 60% filler percentage ratios. 
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The difTerences in the three tests result's may be a result of unequal slurry penetration in the 
foam caused by the filler percentage ratio's viscosity. 
Hypothesis 4: There is no two-way interaction between filler type andfoam density 
in 1) flatwise tension strength, 2) shear strength, and 3) peel (adhesion) strength when used 
in the manufacturing of foam core sandwich panels with fiberglass outer skirts. 
The null hypothesis was retained for the flatwise tensile test, but rejected for both the 
shear and peel (adhesion) tests. The flatwise tension strength was approximately the same at 
each foam density for all filler types. To achieve the greatest shear strength in foam panels, 
microballoons should be added to the resin when 3 Ib/ft^ or 5 Ib/fl^ foam are used, while no 
filler should be used when 4 Ib/fl^ or 6 Ib/ft^ foams are used. It is advantageous to completely 
fill each foam cell. Strength will increase with each foam cell that is completely filled, because 
the cured resin will act as a locking mechanism. The filler using microballoons may have had 
the correct viscosity to completely fill the 3 ib/ft^ and 5 Ib/ft^ foam. To achieve the greatest 
peel (adhesion) strength in foam panels, recycled epoxy/fiberglass should be used for all four 
foam densities. 
Hypothesis 5: There is no two-way interaction between filler type andfiller 
percentage ratios in I) flatwise tension strength, 2) shear strength, and 3) peel (adhesion) 
strength when used in the mamifacturing of foam core sandwich panels with fiberglass outer 
skins. 
The null hypothesis was rejected for all three tests. Sandwich panels made with 
recycled epoxy/fiberglass had better flatwise tension strength when 10%, 20%, 30%, and 60% 
filler percentage ratios were used, while sandwich panels with microballoons had better 
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strength at 40% and 70%. Both microbailoons and recycled epoxy/fiberglass had 
approximately the same tensile strength at the 50% filler percentage ratio. 
Sandwich panels made with recycled epoxy/fiberglass had better shear strength when a 
10% filler percentage ratio was used, while sandwich panels with microbailoons had better 
strength at 60%. Both microbailoons and recycled epoxy/fiberglass had approximately the 
same tensile strength at the 20%, 30%, 40%, 50%, and 70% filler percentage ratios. 
Sandwich panels made with recycled epoxy/fiberglass had better peel (adhesion) 
strength when 30%, 40%, 50%, 60%, and 70% filler percentage ratios were used, while 
sandwich panels with microbailoons had better strength at 10%. Both microbailoons and 
recycled epoxy/fiberglass had approximately the same tensile strength at the 20% filler 
percentage ratio. Two possibilities for the results in hypothesis 5 were; I) the inconsistencies 
in the depth of the filler penetration in the foam, or 2) there may be a two-way interaction 
between filler percentage ratio viscosity and filler penetration in the foam. 
Hypothesis 6: There is no two-way interaction between foam density andfiller 
percentage ratios in 1) flatwise tension strength, 2) shear strength, and 2) peel (adhesion) 
strength when used in the manufacturing of foam core sandwich panels with fiberglass outer 
skins. 
The null hypothesis was rejected for all three tests. The interaction occurred between 
the 4 Ib/ft^ and 5 Ib/ft^ foam in both the flatwise tensile and shear tests. In both tests, either 4 
Ib/ft^ and 5 Ib/ft^ foam could be used when using a 0%, 10%, and 50% filler percentage ratios. 
For all other filler percentage ratios, 4 Ib/ft^ foam should be used for flatwise tension 
applications, while the 5 Ib/ft^ foam should be used for shear applications. 
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Hypothesis 7: There is no three-way interaction between filler type, foam density, 
and filler percentage ratios in I) flatwise tension strength, 2) shear strength, and 3) peel 
(adhesion) strength when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skirts. 
The null hypothesis was rejected for all three tests. The interaction occurred between 
the 4 Ib/ft^ and 5 Ib/ft^ foam in both the flatwise tensile and shear tests. The 4 Ib/fl^ foam was 
equal to or stronger than the 5 Ib/fl^ foam in tensile strength, while the 5 Ib/fl^ foam was equal 
to or stronger than the 4 Ib/fl^ foam in shear strength. 
Hypothesis 8: There is no significant difference in I) flatwise tensile test sample 
weight, 2) shear test sample weight, and 3) peel (adhesion) test sample weight between zero 
slurry, slurry prepared with glass microballoons and slurry prepared with recycled 
epoxy/fiberglass when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skins. 
The null hypothesis was rejected for all three tests. In all three tests, sandwich panels 
with recycled epoxy/fiberglass filler were equal or significantly lighter in weight than sandwich 
panels with the hollow glass microballoons. Sandwich panels with no filler were significantly 
lighter than the two fillers in the flatwise tensile test, but where significantly heavier in both 
the shear and peel (adhesion) tests. A reasonable assumption for the weight differences 
appear to be due to the inconsistencies in the pine and plywood attachments. 
Hypothesis 9: There is no significant difference in 1) flatwise tension test sample 
weight, 2) shear test sample weight, and 3) peel (adhesion) test sample weight when foam 
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densities were varied when used in the manufacturing of foam core sandwich panels with 
fiberglass outer skirts. 
The null hypothesis was rejected for ail three tests. Sandwich panels using the 3 Ib/ft^ 
and 4 lb/ft ^ foam were significantly lighter than the 5 Ib/ft^ and 6 Ib/ft^ foams when used in 
the tensile test panels, but the foam weights were reversed for shear strength test sandwiches. 
The 3 Ib/ft^, 4 Ib/ft^, and 5 Ib/ft^ foams were lighter than the 6 Ib/ft^ foam for peel (adhesion) 
lest sandwiches. A reasonable assumption for the weight differences appear to be due to the 
inconsistencies in the pine and plywood attachments. 
Hypothesis 10: There is no significant difference in 1) flatwise tension test sample 
weight, 2) shear test sample weight, and 3) peel (adhesion) test sample weight when filler 
percentage ratios in slurry were varied when used in the manufacturing of foam core 
sandwich panels with fiberglass outer skins. 
The null hypothesis was rejected for all three tests. The flatwise tensile test sample 
weights became heavier in the middle filler percentage ratios (30%, 40%, 50%, and 60%). 
The tensile test sample panels with 10%, 0%, and 20% filler percentage ratios were the 
lightest, while the panels with a 30% filler percentage ratio were the heaviest. Shear test 
sandwich panels with 40% filler were the lightest, while the heaviest percentage ratios were 
0%, 20%, 30%, and 50%. The peel (adhesion) test sample weights became lighter in the 
middle, this is the opposite of flatwise tensile test sandwiches. Peel (adhesion) test sandwich 
panels with 20% filler were the lightest, while the heaviest percentage ratio was 70%. A 
possible reason for the differences in weight may be due to the viscosity level of the filler 
percentage ratio. A certain viscosity may cause less slurry to penetrate into the foam cells. 
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Less slurry penetration may result in less slurry used, which may lead to a lighter sandwich 
panel. 
Hypothesis 11: There is no two-way interaction between filler type andfoam density 
in 1) flatwise test sample weight, 2) shear test sample weight, and 3) peel (adhesion) test 
sample weight when used in the manufacturing of foam core sandwich panels with fiberglass 
outer skins. 
The null hypothesis was retained for the shear test, but rejected for both the flatwise 
tension and peel (adhesion) tests. The shear test sample weights were lighter when panels 
were made with both recycled epoxy/fiberglass and the 5 Ib/ft^ or 6 Ib/ft^ foams. All of the 
flatwise tensile test samples were lightest when zero filler was used. Flatwise tensile test 
sandwich panels made with recycled epoxy/fiberglass were lighter than panels made with 
microballoons. For the peel (adhesion) test samples, microballoon filler had the lightest 
weight on the 3 Ib/ft^ foam, the recycled epoxy/fiberglass filler had the lightest weight on the 4 
Ib/ft^ foam, and sandwich panels with zero filler had the lightest weight on the 5 Ib/fl^ and 6 
Ib/fl^ foam. 
Hypothesis 12: There is no two-way interaction between filler type andfiller 
percentage ratios in J) flatwise test sample weight, 2) shear test sample weight, and 3) peel 
(adhesion) test sample weight when used in the mamifacturing of foam core sandwich panels 
with fiberglass outer skins. 
The null hypothesis was rejected for all three tests. Sandwich panels made with 
recycled epoxy/fiberglass were lighter in flatwise tensile test sample weight when 30%, 40%, 
50%, and 70% filler percentage ratios were used, while sandwich panels with microballoons 
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were lighter at 10%. Both microballoons and recycled epoxy/fiberglass had approximately the 
same tensile test sample weight at the 20% and 60% filler percentage ratios. 
Sandwich panels made with recycled epoxy/fiberglass were lighter in shear test sample 
weight when 30%, 50%, and 60% filler percentage ratios were used, while sandwich panels 
with microballoons were lighter at 10%, 20%, 30%, and 70%. 
Sandwich panels made with recycled epoxy/fiberglass were lighter in peel (adhesion) 
weight when 10% and 60% filler percentage ratios were used, while sandwich panels with 
microballoons were lighter in weight at 30%, 40%, and 50%. Both microballoons and 
recycled epoxy/fiberglass had approximately the same tensile strength at the 20% and 70% 
filler percentage ratios. 
A possible reason for the differences in weight may be due to the viscosity level of the 
filler percentage ratio. A certain viscosity may cause less slurry to penetrate into the foam 
cells. Less slurry penetration may result in less slurry used, which may lead to a lighter 
sandwich panel. 
Hypothesis 13: There is no two-way interaction between foam density andfdler 
percentage ratios in 1) flatwise test sample weight, 2) shear test sample weight, and 3) peel 
(adhesion) test sample weight when used in the manufacturing of foam core sandwich panels 
with fiberglass outer skins. 
The null hypothesis was rejected for all three tests. The interaction occurred between 
all foam densities at all filler percentage ratios for all three tests. Sandwich panels made with 
the 3 Ib/fl^ foam were the lightest samples when 20%, 40%, and 60% filler percentage ratios 
were used. Sandwich panels made with the 4 Ib/ft^ foam were the lightest samples when 0% 
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and 50% filler percentage ratios were used. The 5 Ib/ft^ and 6 Ib/ft^ foam samples were 
lightest at the 10% and 70% filler percentage ratios, respectively. All foam densities were 
equal in weight when produced with a 30% filler percentage ratio. 
Sandwich panels made with the 5 Ib/ft^ foam were the lightest samples when 0%, 10%, 
30%, 40%, and 60% filler percentage ratios were used. Sandwich panels made with the 6 
Ib/ft^ foam were the lightest samples when 20%, 50%, and 70% filler percentage ratios were 
used. The 3 Ib/ft^ and 4 lb.'ft^ foam samples were never the lightest sandwich panels. 
Sandwich panels made with the 3 Ib/ft^ foam were the lightest samples when 10%, 
50%, and 70% filler percentage ratios were used. SandAvich panels made with the 4 Ib/ft^ 
foam were the lightest samples when 20%, 40%, and 70% filler percentage ratios were used. 
Sandwich panels made with the 5 Ib/ft^ foam were the lightest samples when 0%, 40%, 50%, 
and 60% filler percentage ratios were used. Sandwich panels made with the 6 lb/ft' foam 
were the lightest samples when 0% and 30% filler percentage ratios were used. A few 
possible reasons for the differences in weight may have been due to; I) inconsistencies in the 
foam, 2) a two-way interaction between foam density and slurry penetration, or 3) certain 
filler percentage ratios possibly fill in the foam cells better resulting in less slurry being used. 
Hvpothesis 14: TTiere is no three-way interaction between filler type, foam density, 
and filler percentage ratios in I) flatwise test sample weight, 2) shear test sample weight, and 
3) peel (adhesion) test sample weight when used in the manufacturing of foam core sandwich 
panels with fiberglass outer skins. 
The null hypothesis was rejected for all three tests. The three-way interaction in the 
flatwise tensile test occurred at the 40% filler percentage ratio between all four types of foam. 
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Due to the three-way interaction, niicroballoons are approximately five grams heavier than 
recycled epoxy/fiberglass at the 40% filler percentage ratio. 
Discussion 
The results of this study show that recycled epoxy/fiberglass powder could be used as 
a substitute for hollow glass microballoons in the construction of fiberglass foam core 
sandwiches. Each of the three mechanical property tests had slightly different results. This 
was expected since each of these tests measures different aspects of adhesion strength. The 
majority of the results for the flatwise tensile test and shear test were similar, while the peel 
(adhesion) test had several different results compared to the other two tests. For example, 
the filler type comparisons and filler percentage ratios had the same pattern in flatwise tensile 
and shear strength, but had almost the opposite pattern in peel (adhesion) strength (see 
Chapter 4, Figures 4-2, 4-18, and 4-34). This is believed to be caused by the foam fi^cturing 
in the sandwich panels before the slurry adhesive in both the flatwise tensile and shear tests. 
This supports the primary objective of the slurry adhesive, which is to be stronger than the 
foam. 
The peel (adhesion) test results should be considered as the primary test for slurry 
strength. The sandwich test panels were designed with a 2" pulling flap. This flap along with 
a 45° pulling angle, caused the adhesive to fhicture almost every time instead of the foam. 
The total test design helped to minimize the foam's mechanical strength and test only the 
slurry's strength. The foam was minimized since the peel (adhesion) force was only 
concentrated on an area of foam approximately 0.75 in^. The peel (adhesion) results show 
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that the recycled epoxy/fiberglass is significantly stronger than the other two filler types. Both 
studies by Iji and Yokoyama (1995) on recycled epoxy/fiberglass filler in paint and adhesives, 
and the study Wood, Day, and Pang (1996) on recycled carbon fiber-peek composites, 
support the findings in this study. There is a slight hesitation fi-om the primary investigator to 
base all the final results of this study on the peel (adhesion) test, since the fi-acture load was 
generally between two and five pounds. There may be a statistical difference in peel strength 
in panels with diflFerent filler types, but in industrial applications it would be very rare to need 
to differentiate between such small strength differences as three pounds. 
Flatwise tensile and shear strengths relating to foam density were different than the 
manufacturer's book values. The 3 Ib/ft^ and 6 Ib/fl^ foams had slightly higher values for this 
study, than the book values. It is conunon practice for manufacturers to give lower 
conservative mechanical property values. However, the 4 lb/ft and 5 Ib/fl^ foams had large 
differences in values compared to the book values. The book value of the 5 Ib/ft^ foam is 87 
psi greater in tensile strength and 50 psi greater in shear strength than the book values of the 4 
Ib/ft^ foam. However, the results of this study showed that the difference in the shear strength 
between the 5 Ib/ft^ and 4 Ib/fl^ foams was only 15 psi, while the 4 Ib/fl^ foam was actually 5 
psi stronger in flatwise tensile strength than the 5 Ib/fl^ foam (see Chapter 4, Table 4-2, and 
Table 4-10). These differences may be due to a recent potential improvement in the 4 Ib/fl^ 
foam and the manufacturer may not have updated their data specification sheets. Another 
possibility for the close similarities in the 4 Ib/fl^ and 5 Ib/ft^ foams may have been caused by 
inconsistencies in the process while producing the 4 Ib/ft^ foam. 
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All three mechanical property tests had different strength and weight outcomes when 
the filler percentage ratio was varied. This may have been caused by the level of penetration 
of the slurry into the foam. Knowing the slurry penetration may have given insight to the 
correlation between strength and slurry penetration and the correlation between weight and 
slurry penetration. A slurry penetration conversion formula may give a standardized data set, 
which may lead to more consistent results between the three tests. Slurry penetration was not 
measured in this study, but it is recommended for future studies. 
Filler percentage ratios should also be evaluated by the peel (adhesion) test. The 
findings show that the 50%, 60%, and 70% filler percentage ratios had the strongest peel 
(adhesion) strength. This supports Zogg's (1997) research findings, concluding that better 
mechanical properties were achieved in recycled reinforced plastics when fiber content was 
50% or greater. The best percentage ratio for tensile and shear strength was 0%. These 
results were unexpected, especially since the foam always fractured before the slurry in the 3 
Ib/ft^, 4 Ib/fl^, and 5 Ib/ft^ foams. One reason for this result may have been because there were 
20 samples for the 0% filler percentage ratio compared to 40 samples for each of the other 
filler percentage ratios. But statistically, 20 samples should be enough to achieve a reliable 
mean. The peel (adhesion) test confirms this since the results were not affected by the smaller 
sample size for the 0% filler percentage ratio. 
All the sandwich panels were weighed with the wood attachments. This reasoning was 
used to help achieve a good bond between the wood and fiberglass skins so the sandwich 
panel would not detach from the test instrument. If the wood attachments were bonded to the 
sandwich panels after they were made there would have been the possibility of a weak bond 
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due to composite secondary bonding. The weight of the flatwise tensile test sandwich panels 
would likely achieve the most reliable results since the oak boards were all very dense with 
very few knots or flaws. The results of the flatwise tensile test sample weight showed that 
using zero filler was significantly the lightest. However, the recycled epoxy/fiberglass powder 
filler still was significantly lighter than the hollow glass microballoon filler. The shear and peel 
(adhesion) wood attachments were made with pine and plywood, respectively. Every pine 
and plywood attachment panel had a different number of knots and a different growth ring 
pattern. These two characteristics caused the boards to have large weight spreads, which may 
lead to unreliable results. 
The results of this study may be cost effective for many manufactures who produce 
composite products. Recycling their own composite scrap wastes could be cost effective for 
several reasons, including: 1) they would not have to pay to have their waste materials hauled 
to a landfill, 2) less virgin resources would be used, and 3) the added filler would decrease the 
amount of resin usage. It would also be cost effective for a manufacturer to purchase post-
consumer recycled composite powder from other manufacturers at a lower cost than buying 
virgin materials fi-om a vendor. 
Composite product sales may also increase for two practical reasons. As a result of 
using less expensive materials the price of the composite product could be lowered, which 
may improve sales. Also, the manufacturer could advertise the product as an environmentally 
conscious product, which may improve sales. 
The purpose of the study's third objective was not completed in this study. A matrix 
was developed to examine the weight characteristics for all the different independent variable 
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combinations (see Chapter 4, Tables 4-6, 4-14, and 4-22). However, a matrix of cost was 
unattainable since a small quantity of epoxy and filler were used. Four complete cells, or 20 
sample pieces, could be made with less than eight ounces of resin. Less than a gallon of both 
microballoons and recycled epoxy/fiberglass were used to produce all 900 test samples. To 
achieve a usable matrix of cost, a future study should be conducted with much larger 
sandwich panels. 
Conclusions 
The primary purpose of this study was to determine if recycled epoxy/fiberglass 
powder could be used as an alternative for hollow glass microballoons in the construction of 
fiberglass foam core sandwiches. The results of this study revealed that: 
1) sandwich test panels produced with recycled epoxy/fiberglass powder were equal or 
significantly better in tensile, shear, and peel (adhesion) strength than sandwiches 
produced with hollow glass microballoons. 
2) sandwich test panels produced with recycled epoxy/fiberglass powder were equal or 
significantly lighter in weight than sandwiches produced with hollow glass 
microballoons. 
3) there were no practical differences in strength between the 4 Ib/ft^ and 5 Ib/ft^ foams. 
Based on the results of this study, it would be advisable to use the 4 Ib/ft^ foam 
because of the lower weight and cost compared to the 5 Ib/ft^ foam. 
4) the modified ASTM mechanical property tests seemed to be appropriate for this study. 
The peel (adhesion) test instrument developed for this study, should be considered as a 
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possible ASTM standard instrument to obtain peel strength for foam composite 
sandwich panels. A slight modification fi'om five to ten replications per cell should be 
considered when using 6 Ib/fl^ foam; due to the larger variation in outcome results. 
Recommendations 
During the process of conducting this study and analyzing the data, the following 
recommendations have been identified for future research. Based on the sample of the study, 
it is possible to make inferences to the population of the study. However, the limitations listed 
in Chapter 1, limit the inferences to only this population. There is a need to continue to do 
research in the area of recycled composite materials. The recommendations for future 
research are: 
1) This study should be replicated using: 
a) different types of resin, such as polyester, vinyl ester, or a different type of 
epoxy resin. 
b) different types of foam, such as polystyrene or polyurethane. 
c) different types of reinforcement skins, such as graphite or kevlar. 
d) actual damaged PRCs that have been removed fi-om a landfill. This involves 
the concept of commingled recycled thermoset composites, instead of a pre-
consumer recycled epoxy/fiberglass powder. 
e) different sizes of recycled thermoset composite powder. 
f) larger sandwich panels, to achieve a matrix of cost. 
g) heavier foams densities, such as 12 Ib/ft^, 15 Ib/ft^, or 18 Ib/ft^. 
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h) a standardized method to measure slurry penetration in the foam. 
i) a standardized method to measure and control the viscosity of the slurry. 
j) different mechanical and physical property tests, such as static bending, impact, 
and tensile creep tests. 
k) an experimental randomized block design to determine the variation between 
people preparing the sample test sandwiches. People would be used as the 
blocking effect. 
2) Other studies should be developed to explore the opportunities of recycled thermoset 
composites. These studies could include; 
a) using a 70% filler percentage ratio of recycled epoxy/fiberglass powder as a 
substitute for composite mold tooling dough. 
b) using a 70% filler percentage ratio of recycled epoxy/fiberglass powder as a 
substitute for thermoforming molds. 
c) using recycled epoxy/fiberglass powder in water-extended-polyester casting 
applications. 
3) This study should be replicated with weighing the fiberglass foam core sandwich 
panels before being bonded to the wood testing attachments. 
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APPENDIX A. FLATWISE TENSILE TEST - RAW DATA SAMPLE 
Mechanical Property Testing - Data Entiy Chart 
Mcclianical Property Test: I g.jk) Date: 
ID// Dimensions (in.) Weight (r) Fracture Load ((IK) Where did the sample Tracture? Comments 
(PsO Fonni Adhesive Other 
CI- 1 /.0 37 i. 1,00 1 y;. 5' 'a 7, (f y 
CI- 2 I.OVS' X l.oo-/ y3./ /7<a. / A' 
CI-3 1 , 0 3 /  X o . ' ) ' ? y  // -3 J 77. 8 A' 
CI-4 X 0,95/ -//y /6rCjZ X 
CI-5 1,03:^ / 
C2- I X { ( W >  1 ^  
C2-2 /. 1(0, W %s 307. 2 X 
C2-3 I . O i O  X  h o o S l  y/, a 3 8 0 .  &  y 
C2-4 j, 03i 9 X O/J VJJ ^ 7 ? , ^  X 
C2-5 I . O S G A  "j/.i 273. 5' 
C3- I l02o A 1.070 y.^,9 m . t  X 
C3-2 /. 0 / 2  y ! , o f 7  VJ,0 no,l X 
C3-3 /, ^ A oc^Y '!?. y 'M. L / 
C3-4 1 , 0 2 7 ^  ' U . o  X 
C3-5 1.0^8 X /.r>o3 X 
C4- I [ . 0 2 J  x  o.!)^7 y/ ? y s l . 1  Y 
C4-2 ^1.2 %s. 7 A' 
C4-3 /, tV7X ^ .97^ ^ / /  7 X 
C4- 4 L O ^ U O . W  yA / 2 X f ( «  / ' V  
C4-5 I.OZ.?/ ()'7 70 y/-
5 
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APPENDIX B. FLATWISE TENSILE STRENGTH TEST - SAS OUTPUT 
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B-1: Flatwise Tensile Test Output with ail 300 Observations 
General Linear Models Procedure 
Dependent Variable: Y tensile strength (psi) 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
Model 59 3141581.98 53247.15 38.21 0.0001 
Error 240 334481.59 1393.67 
Corrected Total 299 3476063.57 
R-Square C.V. Root MSE Y Mean 
0. 903776 12.43773 37.3319 300.151 
Source DF Type I SS Mean Square F Value Pr > F 
FILLER 2 1882.49 941.25 0. 68 0.5099 
DENSITY 3 2992638.67 997546,22 715.77 0.0001 
FILLER*DENSITY 6 11896.28 1982.71 1.42 0.2065 
PERCENT 6 15178.77 2529.79 1. 82 0.0968 
FILLER*PERCENT 6 31145.74 5190.96 3.72 0.0015 
DENSITY*PERCENT 18 47098.62 2616.59 1.88 0.0184 
FILLER* DENSIT* PERCEN 18 41741.41 2318,97 1. 66 0.0466 
Source DF Type III SS Mean Square F Value Pr > F 
FILLER 1 105.78 105.78 0. 08 0.7832 
DENSITY 3 2443323.58 814441.19 584.38 0 . 0 0 0 1  
FILLER*DENSITY 3 2563.85 854.62 0. 61 0.6070 
PERCENT 6 15178.77 2529.79 1. 82 0.0968 
FILLER*PERCENT 6 31145.74 5190.96 3.72 0.0015 
DENSITY*PERCENT 18 47098.62 2616.59 1.88 0.0184 
FILLER*DENSIT*PERCEN 18 41741.41 2318.97 1.66 0.0466 
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Plot of RESIDUAL*MEAN. 
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Legend: A = 1 obs, B = 2 obs, etc. 
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Univariate Procedure 
Variable=RESIDUAL 
Moments 
N 300 Sum Wgts 300 
Mean 0 Sum 0 
Std Dev 33.44649 Variance 1118.668 
Skewness -1.42668 Kurtosis 6. 405916 
uss 334481.6 CSS 334481.6 
cv . Std Mean 1. 931034 
T:Mean=0 0 Pr>|T| 1.0000 
Num 0 300 Num > 0 169 
M(Sign) 19 Pr>=|M| 0.0325 
Sgn Rank 2682.3 Pr>=|SI 0.0744 
W:Normal 0.878697 Pr<W 0.0001 
Quantiles(Def=5) 
100% Max 116.34 99% 82. 83 
75% Q3 15.72 95% 42. 88 
50% Med 2.2 90% 28. 84 
25% Q1 -11.15 10% -32. 42 
0% Min -172.96 5% -55. 03 
1% -133. 12 
Range 289.3 
Q3-Q1 26.87 
Mode 10.36 
Extremes 
Lowest Obs Highest Obs 
172. 96( 296) 71.6{ 95) 
-155 .1( 91) 79.46( 180) 
-143 .3( 260) 86.2 ( 100) 
122. 94 ( 101) 91.52( 253) 
-120 .4 ( 28) 116.34( 297) 
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Univariate Procedure 
Variable=RESIDUAL 
Histogrcim 
110+ 
-30+ 
-170 + 
* may represent up to 3 counts 
# 
1 
2 
5  
11 
43 
107 
84  
29  
4  
4  
4  
1 
2 
2 
1 
Boxplot 
•# 
0 
0 
0 
I 
+ 1 + 
+ + 
I 
0 
0 
0 
Univariate Procedure 
Va r iab 1 e=RES I DUAL 
Normal Probability Plot 
110+ 
I  
I  
I  +++***** 
I  + + * * * * * * * *  
I  * * * * * * * * * * *  j 
-30+ ******++++ 
I  * •*++++ 
I  +++++** 
I  ++ **  
I  
1 ** 
I ** 
-170+* 
+ + + + + + + + + + + 
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B-2: Flatwise Tensile Test Output with 282 Observations 
General Linear Models Procedure 
Dependent Variable: Y tensile strength (psi) 
Source DF 
Sum of 
Squares 
Mean 
Square F Value Pr > F 
Model 59 2751033.65 46627.69 102.26 0. 0001 
Error 222 101229.93 455.99 
Corrected Total 281 2852263.58 
R-Square C.V. Root MSE Y Mean 
0. 964509 7.142904 21.3539 298.953 
Source DF Type I SS Mean Square F Value Pr > F 
FILLER 
DENSITY 
FILLER*DENSITY 
PERCENT 
FILLER*PERCENT 
DENSITY*PERCENT 
FILLER*DENSIT*PERCEN 
2 
3 
6 
6 
6 
18 
18 
2978.05 
2637001.43 
3341.41 
12036.00 
25305.53 
34213.42 
36157.80 
1489.03 
879000.48 
556.90 
2006.00 
4217.59 
1900.75 
2008.77 
3.27 
1927.67 
1.22 
4 . 40 
9.25 
4.17 
4.41 
0.0400 
0.0001 
0.2962 
0. 0003 
0.0001 
0. 0001 
0.0001 
Source DF Type III SS Mean Square F Value Pr > F 
FILLER 
DENSITY 
FILLER*DENSITY 
PERCENT 
FILLER*PERCENT 
DENSITY*PERCENT 
FILLER*DENSIT* PERCEN 
1 
3 
3 
5 
6 
18 
18 
63.37 
2077021.91 
1700.01 
13400.36 
28900.69 
35268.07 
36157.80 
63.37 
692340.64 
566.67 
2233.39 
4816.78 
1959.34 
2008.77 
0.14 
1518.32 
1.24 
4.90 
10.56 
4 .30 
4 .41 
0.7097 
0.0001 
0.2951 
0.0001 
0.0001 
0.0001 
0.0001 
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Plot of RESIDUAL*MEAN. 
RESIDUAL I  
I 
100 + 
Legend; A = 1 obs, B = 2 obs, etc. 
1 
75 + 
50 + 
1 A A AA 
1 A A A 
25 + A ADADB CA 
1 A A A BBADAAA A BC 
1 A ACCA A A AECCEA AAA A 
1 CFFC A A GC C B BCAA A 
0 + A AGCG B AA AEDCCAD A AD A 
1 ADCC B B FBDAA C A 
1 ACAA A AGCBC A AA A 
1 AA A A CD AA A B 
-25 + AB AAA 
1 A AA AB C A A 
1 A A B A AA 
1 A B 
-50 + A 
1 A A A 
-75 + 
—+— 
100 200  
NOTE: 18 obs had missing values. 
300 400 
MEAN 
500 
—+— 
600 
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Univariate Procedure 
Variab1e=RESIDUAL 
Moments 
N 282 Slim Wgts 282 
Mean 0 Sum 0 
Std Dev 18.98022 Variance 360.2489 
Skewness -0.08776 Kurtosis 1.6278 
uss 101229.9 CSS 101229.9 
cv , Std Mean 1.130256 
T:Mean=0 0 Pr>|T| 1.0000 
.Vum -^=0 282 Mum > 0 151 
M(Sign) 10 Pr>=lM| 0.2578 
Sgn Rank 885.5 Pr>=|S| 0.5192 
W:Normal 0.973947 Pr<W 0.0229 
Quantiles(Def=5) 
100% Max 78.35 
75% Q3 10.62 
50% Med 1.06 
25% Q1 -10.02 
0% Min -57.9333 
Range 136.2833 
<23-Ql 20.64 
Mode 0.66 
99% 58.56667 
95% 25.42 
90% 21.24 
10% -22.72 
5% -34.28 
1% -53.88 
Extremes 
Lowest Obs 
-57.9333( 255) 
-57.0333( 176) 
-53.88( 75) 
-49.325( 211) 
-46.26( 216) 
Highest Obs 
38.7 ( 60) 
39.78( 138) 
58.56667{ 252) 
64.02 ( 133) 
78.35 ( 99) 
Univariate Procedure 
Variable=RESIDUAL 
Missing Value 
Count 18 
% Count/Nobs 6.00 
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Histogram # Boxplot 
75+* 1 
1 0 
1 0 
6 I 
27 i 
43 + + 
72 •—+—*• 
60 I I 
34 + 
****** 14 I 
******* 16 I  
** 4 0 
-55+** 3 0 
+ + + + + + h-
* may represent up to 2 counts 
Variable=RESIDUAL 
Univariate Procedure 
75 + 
++< 
+++*** 
•55+** 
+ +-
- 2  
Normal Probability Plot 
+1 
++++ 
+++^ 
+2 
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B-3: Flatwise Tensile Test Final Analysis Output with 111 Observations 
General Linear Models Procedure 
Scheffe's test for variable: Y 
NOTE: This test controls the type I experimentwise error rate but 
generally has a higher type II error rate than Tukey's for 
all pairwise comparisons. 
Alpha= 0.05 Confidence^ 0.95 df= 217 MSE= 342.2519 
Critical Value of F= 2.05196 
Comparisons significant at the 0.05 level are indicated by •***•. 
Simultaneous Simultaneous 
Lower Difference Upper 
PERCENT Confidence Between Confidence 
Comparison Limit Means Limit 
0 _ 30 -17.643 2.418 22.480 
0 - 50 -9.133 10.846 30.825 
0 - 60 -8.362 11.878 32.118 
0 - 10 -7.038 12.941 32.920 
0 - 70 -3.790 16.450 36.690 
0 - 40 1.578 21.727 41.876 
0 - 20 7.392 27.829 48.267 
30 0 -22.480 -2.418 17.643 
30 - 50 -7.554 8.428 24.410 
30 - 60 -6.848 9.459 25.767 
30 - 10 -5.459 10.523 26.504 
30 - 70 -2.276 14.032 30.339 
30 - 40 3.115 19.309 35.502 
30 - 20 8.859 25.411 41.963 
50 _ 0 -30.825 -10.846 9.133 
50 - 30 -24.410 -8.428 7.554 
50 - 60 -15.174 1.032 17.237 
50 - 10 -13.783 2.095 17.973 
50 - 70 -10.601 5.604 21.809 
50 - 40 -5.210 10.881 26.972 
50 - 20 0.532 16.983 33.434 
60 0 -32.118 -11.878 8.362 
60 - 30 -25.767 -9.459 6. 848 
60 - 50 -17.237 -1.032 15.174 
60 - 10 -15.142 1.063 17.268 
60 - 70 -11.954 4.572 21,098 
60 - 40 -6.565 9.849 26.263 
60 - 20 -0.816 15.952 32.719 
0 
30 
50 
60 
70 
40 
20 
0 
30 
50 
60 
10 
40 
20 
0 
30 
50 
60 
10 
70 
20 
0 
30 
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-32.920 
-26.504 
-17.973 
-17.268 
-12.696 
-7.305 
-1.563 
-36.690 
-30.339 
-21.809 
-21.098 
-19.714 
-11.137 
-5.388 
-41.876 
-35.502 
-26.972 
-26.263 
-24.877 
-21.691 
-10.555 
-48.267 
-41.963 
-33.434 
-32,719 
-31.340 
-28.147 
-22.759 
-12.941 
-10.523 
-2.095 
-1.063 
3.509 
8.786 
14.888 
-16.450 
-14.032 
-5.604 
-4.572 
-3.509 
5.277 
11.379 
-21.727 
-19.309 
-10.881 
-9.849 
-8.786 
-5.277 
6.102 
-27.829 
-25.411 
-16.983 
-15.952 
-14.888 
-11.379 
-6.102 
7.038 
5.459 
13.783 
15.142 
19.714 
24.877 
31.340 
3.790 
2.276 
10.601 
11.954 
12.696 
21.691 
28.147 
-1.578 
-3.115 
5.210 
6.565 
7.305 
11.137 
22.759 
-7.392 
-8.859 
-0.532 
0 . 8 1 6  
1.563 
5.388 
10.555 
Level of 
DENSITY N Mean SD 
3 4 174.675000 7 . 7267393 
4 4 283.550000 16. 1498194 
5 5 289.160000 12. 3593285 
6 5 462.060000 14. 3060477 
3 34 180.344118 12. 0609862 
4 34 299.005882 28. 7656881 
5 35 283.545714 26. 8432415 
6 26 451.576923 30. 0681401 
3 33 175.075758 20. 3114197 
4 35 303.357143 19. 2591962 
5 35 279.220000 31. 3585414 
6 27 462.937037 37. 6403849 
0 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
L( 
Dl 
3 
3  
3  
3  
3  
3  
3  
3  
4  
4  
4  
4  
4  
4  
4  
4  
5  
5  
5  
5  
5  
5  
5  
5  
6 
6 
6 
6 
6 
6 
6 
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Level of 
PERCENT N 
0 18  
10  20  
20  16  
30  18  
40  20  
50  19  
60  17  
70  19  
10  19  
20  18  
30  20  
40  17  
50  20  
60  19  
70  17  
Level of 
PERCENT N 
0 4  
10  9  
20  10  
30  9  
40  10  
50  10  
60  10  
70  9  
0  4  
10  10  
20  9  
30  10  
40  10  
50  10  
60  10  
70  10  
0  5  
10  10  
20  10  
30  10  
40  10  
50  10  
60  10  
70  10  
0  5  
10  10  
20  5  
30  9  
40  7  
50  9  
60  6  
70  7  
Mean 
310.500000 
282.960000 
275.893750 
299.233333 
317.155000 
300.252632 
281.841176 
298.110526 
312.926316 
288.694444 
316.045000 
255.382353 
299.085000 
313.636842 
289.511765 
Mean 
174.675000 
176.255556 
178.830000 
187.111111 
190.320000 
174.200000 
176.850000 
159.655556 
283.550000 
270.060000 
312.844444 
304.600000 
307.380000 
298.880000 
305.810000 
310.080000 
289.160000 
2 6 2 . 1 8 0 0 0 0  
276.930000 
290.680000 
260.340000 
289.390000 
305.060000 
285.100000 
462.060000 
469.610000 
447.520000 
452.255556 
443.457143 
451.311111 
478.866667 
456.728571 
0 
0 
0 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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Level of Level of 
DENSITY PERCENT N 
3 0  4  
4  0  4  
5  0  5  
6  0  5  
3  10  5  
3  20  5  
3  30  4  
3  40  5  
3  50  5  
3  60  5  
3  70  5  
4  10  5  
4  20  4  
4  30  5  
4  40  5  
4  50  5  
4  60  5  
4  70  5  
5  10  5  
5  20  5  
5  30  5  
5  40  5  
5  50  5  
5  60  5  
5  70  5  
6  10  5  
6  20  2  
6  30  4  
6  40  5  
6  50  4  
6  60  2  
6  70  4  
3  10  4  
3  20  5  
3  30  5  
3  40  5  
3  50  5  
3  60  5  
3  70  4  
4  10  5  
4  20  5  
4  30  5  
4  40  5  
4  50  5  
4  60  5  
4  70  5  
5  10  5  
5  20  5  
5  30  5  
5  40  5  
5  50  5  
5  60  5  
5  70  5  
6  10  5  
6  20  3  
Y 
Mean SD 
174.  675000 7 .  7267393 
283 .  550000 16 .  1498194 
289 .  160000 12 .  3593285 
462 .  060000 14 .  3060477 
182 .  940000 20 .  0317997 
175 .  740000 4 .  7945803 
186 .  475000 6 .  9086299 
189 .  460000 7  .  5675624 
179 .  800000 11 .  5570325 
174 .  880000 8 .  2726658 
174 .  340000 14 .  8876795 
246 .  560000 21 .  4847155 
295 .  850000 12 .  0831839 
302 .  440000 24 .  9466030 
323 .  340000 7 .  5563219 
306 .  500000 8 .  9654894 
312 .  080000 17 .  1764956 
305 .  640000 25 .  6644306 
240 .  720000 22 .  3147261 
276 .  380000 23 .  7790244 
280 .  680000 20 .  2898250 
300 .  960000 21 .  5712308 
291 .  760000 11 .  2994690 
310 .  520000 15 .  7398221 
283 .  800000 8 .  3030115 
461 .  620000 14 .  6866266 
485 .  150000 41 .  9314321 
431 .  175000 27 .  1777329 
454 .  860000 23 .  5587139 
453 .  625000 35 .  6188503 
401 .  950000 40 .  5172186 
461 .  300000 9 .  9923304 
167 .  900000 26 .  8094511 
181 .  920000 10 .  5478434 
187 .  620000 6 .  6758520 
191 .  180000 3 .  6258792 
168 .  600000 6 .  9054326 
178 .  820000 6 .  9718721 
141 .  300000 29 .  5394651 
293 .  560000 7 .  2168553 
326 .  440000 14 .  0662006 
306 .  760000 20 .  2265420 
291 .  420000 17 .  9541639 
291 .  260000 18 .  1808416 
299 .  540000 17 .  8749266 
314 .  520000 13 .  6320211 
283 .  640000 12 .  9130941 
277 .  480000 16 .  6789388 
300 .  680000 15 .  9586027 
219 .  720000 9 .  7104068 
287 .  020000 23 .  4202263 
299 .  600000 25 .  6438102 
286 .  400000 25 .  8780795 
477 .  600000 24 .  2747812 
422 .  433333 28 .  0836845 
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2 6 30 5 469.120000 29.2982423 
2 6 40 2 414.950000 11.8086832 
2 6 50 5 449.460000 29.5153858 
2 6 60 4 517.325000 11.1616531 
2 6 70 3 450.633333 27.2316605 
Analysis Variable : Y tensile strength (psi) 
filler type=0 
N Mean Std Dev Minimum Maximum 
18 310.5000000 107.4351514 165.2000000 484.7000000 
filler type=l 
N Mean Std Dev Minimum Maximum 
129 294.2868217 95.5521703 150.0000000 514.8000000 
filler type=2 
N Mean Std Dev Minimum Maximum 
130 297.4384615 102.0164027 100.4000000 529.4000000 
Analysis Variable : Y tensile strength (psi) 
foam density (lb/ft3)=3 -
N Mean Std Dev Minimum Maximum 
71 177.5760563 16,3365188 100.4000000 198.6000000 
foam density (lb/ft3)=4 
N Mean Std Dev Minimum Maximvmi 
73 300.2452055 24,2114645 210.1000000 345,8000000 
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foam density (lb/ft3)=5 
N Mean Std Dev Minimum Maximum 
75 281.9013333 28.2732635 205.0000000 325.3000000 
foam density (lb/ft3)=6 
N Mean Std Dev Minimum Maximum 
58 457.7689655 32.9986241 373.3000000 529.4000000 
Analysis Variable : Y" tensile strength (psi) 
percent slurry=0 
N Mean Std Dev Minimum Maximum 
18 310.5000000 107.4351514 165.2000000 484.7000000 
percent slurry=10 
M Mean Std Dev Minimxim Maximum 
39 297.5589744 111.3893638 128.9000000 516.3000000 
percent slurry=20 
N Mean Std Dev Minimum Maximum 
34 282.6705882 90.0510950 168.6000000 514.8000000 
percent slurry=30 
N Mean Std Dev Minimum Maximum 
38 308.0815789 95.7107886 177.1000000 508.9000000 
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percent slurry=40 
M Mean Std Dev Minimvun Maximum 
37 288.7729730 91.8474086 177.0000000 475.9000000 
percent slurry=50 
N Mean Std Dev Minimiam Maximum 
39 299.6538462 99.8417955 158.5000000 486.4000000 
percent slurry=60 
N Mean Std Dev Minimum Maximum 
36 298.6222222 102.9820931 162.3000000 529.4000000 
percent slurry=70 
N Mean Std Dev Minimum Maximum 
36 294.0500000 102.2087542 100.4000000 472.7000000 
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Plot of RESIDUAL*MEAN. Legend: A = 1 obs, B = 2 obs, etc. 
RESIDUAL 
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NOTE: 23 obs had missing values. 
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Univariate Procedure 
Variab1e=RESIDUAL 
Moments 
N 277 Sum Wgts 277 
Mean 0 Sum 0 
Std Dev 16.40394 Variance 269.0894 
Skewness -0.29868 Kurtosis 0. 208091 
USS 74268.67 CSS 74268.67 
cv Std Mean 0. 985617 
T:Mean=0 0 Pr>|T| 1.0000 
Num 0 277 Num > 0 147 
M{Sign) 8.5 Pr>=|Ml 0.3364 
Sgn Rank 690.5 Pr>=|S| 0.6057 
W:Nonr.al 0.977116 Pr<W 0.0889 
Quantiles(Def=5) 
100% Max 40.425 99% 38 .7 
75% Q3 10.36 95% 24 .9 
50% Med 0. 94 90% 21. 04 
25% Q1 -9.975 10% -20. 72 
0% Min -49.325 5% -32, 94 
1% -40 .9 
Range 89.75 
Q3-Q1 20.335 
Mode -1 
Extremes 
Lowest Obs Highest Obs 
49.325( 211) 32.775( 212) 
-46.26( 216) 37.88( 44) 
-40.9( 269) 38.7 ( 60) 
-39( 26) 39.78( 138) 
-39 ( 290) 40.425( 131) 
Univariate Procedure 
Variable=RESIDUAL 
Missing Value 
Count 23 
% Count/Nobs 7 . 57 
Variable=RESIDUAL 
42.5+ 
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Univariate Procedure 
Normal Probability Plot 
**+ 
I +*' 
I  + • * *  
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I **** 
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APPENDIX C. FLATWISE TENSILE TEST SAMPLE WEIGHT - SAS OUTPUT 
185 
C-1: Flatwise Tensile Test Sample Weight Output with all 300 Observations 
General Linear Models Procedure 
Dependent Variable: Y weight (grcuns) 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
Model 59 2104.72330 35.67328 271.42 0. 0001 
Error 240 31.34400 0.13143 
Corrected Total 299 2136.26730 
R-Square C.V. Root MSE Y Mean 
0. 985234 0.813831 0.36254 44 . 5470 
Source DF Type I SS Mean Square F Value Pr > F 
FILLER 2 250.79794 125.39897 954.09 0. 0001 
DENSITY 3 9.60890 3.20297 24.37 0. 0001 
FILLER*DENSITY 6 20.31474 3.38579 25.76 0. 0001 
PERCENT 6 1344.50143 224.08357 1704.92 0. 0001 
FILLER*PERCENT 6 295.89143 49.31524 375.21 0. 0001 
DENSITY*PERCENT 18 53.48571 2.97143 22.61 0. 0001 
FILLER*DENSIT*PERCEN 18 130.12314 7.22906 55.00 0. 0001 
Source DF Type III SS Mean Square F Value Pr > F 
FILLER 1 62.79557 62.79557 477.78 0. 0001 
DENSITY 3 11.12288 3.70763 28 .21 0. 0001 
FILLER*DENSITY 3 16.65786 5.55262 42.25 0. 0001 
PERCENT 6 1344.50143 224.08357 1704.92 0. 0001 
FILLER*PERCENT 6 295.89143 49.31524 375.21 0. 0001 
DENSITY* PERCENT 18 53.48571 2.97143 22.61 0. 0001 
FILLER*DENSIT*PERCEN IB 130.12314 7.22906 55.00 0. 0001 
1S6 
Plot of RESIDUAL*MEAN. Legend: A = 1 obs, B = 2 obs, etc. 
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Univariate Procedure 
Variable=RESIDUAL 
Moments 
N 300 Sum Wgts 300 
Mean 0 Sum 0 
Std Dev 0. 324805 Variance 0. 105498 
Skewness 0. 034665 Kurtosis 0. 795184 
USS 31.544 CSS 31.544 
CV . Std Mean 0. 018753 
T:Mean=0 0 Pr>ITI 1.0000 
Num 0 300 Num > 0 161 
M(Sign) 11 Pr>=(MI 0.2253 
Sgn Rank 190.5 Pr>=|S1 0.8994 
W:Normal 0. 985181 Pr<W 0.6307 
Quantiles(Def=5) 
100% Max 1.06 
75% Q3 0.2 
50% Med 4.26E-14 
25% Q1 -0.2 
0% Min -1.04 
Range 2.1 
Q3-Q1 0.4 
Mode -0.14 
99% 0.87 
95% 0.55 
90% 0.4 
10% -0.38 
5% -0.48 
1% -0.89 
Extremes 
Lowest Obs 
-1.04( 72) 
-0.98( 145) 
-0.94( 71) 
-0.84( 161) 
-0.74( 165) 
Highest Obs 
0.82( 141) 
0.86( 75) 
0.88( 270) 
0.9( 46) 
1.06( 280) 
18S 
Univariate Procedure 
Variable=RESIDUAL 
1. 05+ 
Histogram 
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-0.35+ 
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2 
1 
* may represent up to 2 counts 
Variable=RESIDUAL 
1.05 + 
Normal Probability Plot 
Boxplot 
0 
0 
0 
0 
0 
0 
* * *  +  
'+++ 
* • • • ^  
'• + 
0.35+ 
I 
I 
-0.35+ 
* **•< 
**** 
• * • • ^ 
* • * 
I +** 
1  + + * *  
1+ * 
I** 
•1.05+* 
+ + + + +-
-2 -1 
-+ + +-
0 +1 
+ + 
+2 
189 
C-2: Flatwise Tensile Test Sample Weight Output with 282 Observations 
General Linear Models Procedure 
Dependent Variable: Y weight {grams) 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
Model 59 1995.03106 33.81409 440.65 0. 0001 
Error 222 17.03550 0.07674 
Corrected Total 281 2012.06656 
R-Square C.V. Root MSE Y Mean 
0. 991533 0.622795 0.27701 44. 4791 
Source DF Type I SS Mean Square F Value Pr > F 
FILLER 2 230.36761 115.18381 1501.03 0. 0001 
DENSITY 3 4.27709 1.42570 18.58 0. 0001 
FILLER*DENSITY 6 35.73218 5.95536 77.61 0. 0001 
PERCENT 6 1292.17799 215.36300 2806.53 0. 0001 
FILLER*PERCENT 6 251.97309 41.99552 547.27 0. 0001 
DENSITY* PERCENT 18 53.14206 2.95234 38.47 0. 0001 
FILLER* DENSIT* PERCEN 18 127.36104 7.07561 92.21 0. 0001 
Source DF Type III SS Mean Square F Value Pr > F 
FILLER 1 61.56102 61.56102 802.24 0. 0001 
DENSITY 3 11.06297 3.68766 48.06 0. 0001 
FILLER*DENSITY 3 14.48934 4.82978 62.94 0. 0001 
PERCENT 6 1247.83083 207.97181 2710.21 0. 0001 
FILLER*PERCENT 6 242.92878 40.48813 527.63 0. 0001 
DENSITY*PERCENT 18 54.91275 3.05071 39.76 0. 0001 
FILLER* DENSIT* PERCEN 18 127.36104 7.07561 92.21 0. 0001 
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Plot of RESIDUAL*MEAN. Legend; A = 1 obs, B = 2 obs, etc. 
RESIDUAL 
0 . 6  +  
0.4 + 
0 . 2  +  
0 . 0  +  
- 0 . 2  +  
-0.4 + 
A 
A 
A 
C 
AA C A A B 
A A B BA A 
A BB A BCA 
A A AA AB 
B A B F 0 A 
AAA B AA ACA A A 
A AB AA E A 
BA CAB A 
A C A CAA 
A B A  B A B C  A  
A A A 
A B B  
AA B A A 
A A A 
A 
A A 
C 
A 
A A  A A A  
B A AA 
B CAD 
A A A 
DAC 
C A B 
A B AA 
A 
C 
BA 
BB 
B 
BA 
AA 
E BC 
A A C 
BAA AA 
B A A  A  
A B CAB A 
A AA A A 
A 
B A 
C A 
B 
A B 
-0.6 + 
-0.8 
—t— 
38 40 46 50 42 44 
MEAN 
48 
NOTE: 18 obs had missing values. 
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Univariate Procedure 
Variable=RESIDUAL 
Moments 
N 
Mean 
Std Dev 
Skewness 
uss 
cv 
T:Mean=0 
Num '^= 0 
M{Sign) 
Sgn Rank 
W: Normal 
282 
0 
0.246221 
-0.02759 
17.0355 
0 
279 
9.5 
229 
0.978136 
Sum Wgts 
Sum 
Variance 
KurtOSis 
CSS 
Std Mean 
Pr>|T| 
Niom > 0 
Pr>=|Ml 
Pr>=|S| 
Pr<W 
282 
0 
0.060625 
-0.22337 
17.0355 
0.014662 
1.0000 
149 
0.2812 
0.8655 
0 . 1 2 2 1  
Quantiles(Def=5) 
100% Max 0.6 99% 0.6 
75% Q3 0.18 95% 0.4 
50% Med 0.02 90% 0.3 
25% Q1 -0.18 10% -0.34 
0% Min -0. 64 5% -0.4 
Range 1.24 
(23-Ql 0.36 
Mode -711E-17 
1 %  - 0 . 6  
Extremes 
Lowest Obs 
-0.64( 56) 
-0.6( 200) 
-0.6{ 134) 
-0.54( 109) 
-0.525( 209) 
Highest Obs 
0.56( 118) 
0.58( 26) 
0.6( 105) 
0.6( 197) 
0.6( 131) 
Univariate Procedure 
Variable=RESIDUAL 
Missing Value 
Count 18 
? Count/Nobs 6.00 
192 
Stem Leaf # Boxplot 
6 000 3 1 
5 68 2 1 
5 004 3 1 
4 6666 4 1 
4 0000 4 1 
3 6888 4 1 
3 0022222244 10 1 
2 56666666666888 14 1 
2 0000022222222224444 19 i 
1 5666888888888 13 + + 
1 000000222222234444444444 24 ! 1 
0 566666666668888888 18 1 1 
0 00000000000000000222222222222233444444444 41 * 1 * 
-0 444444444220 12 1 1 
-0 886666666 9 1 1 
-1 44444444222222000000000 23 1 1 
-1 888888888876666 15 + + 
-2 44444222222000000000 20 1 
-2 8866 4 1 
-3 444442222000000 15 1 
-3 8888886666 10 1 
-4 44220 5 1 
-4 8665 4 1 
-5 420 3 1 
-5 1 
-6 400 3 1 
+-
Multiply Stem.Leaf by 10**-1 
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Variable=RESIDUAL 
0.625+ 
Univariate Procedure 
Normal Probability Plot 
* 4 
1 **++ 
I *** + 
I **++ 
I •* + 
0.375+ *+ 
I 
0.125+ 
I 
I 
I ** + 
i 
-0.125+ 
I 
I 
I +*^ 
-0.375+ *** 
I 
I 
-0.625+* 
+ + 1 H + + + + +-
-2 -1 0 +1 +2 
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C-3: Flatwise Tensile Test Sample Weight Output with 281 Observations 
General Linear Models Procedure 
Scheffe's test for variable: Y 
NOTE: This test controls the type I sxperimentwise error rate but 
generally has a higher type II error rate than Tukey's for 
all pairwise comparisons. 
Alpha= 0.05 Confidence= 0.95 df= 221 MSE= 0.074767 
Critical Value of F= 2.05118 
Comparisons significant at the 0.05 level are indicated by •***'. 
Simultaneous Simultaneous 
Lower Difference Upper 
PERCENT Confidence Between Confiden< 
Comparison Limit Means Limit 
30 — 50 0.35704 0.59474 0.83244 
30 - 60 0.38108 0.61579 0.85050 
30 - 40 2.01237 2.25697 2.50156 
30 - 70 3.99914 4.23684 4.47454 
30 - 20 4.43592 4.67690 4.91788 
30 - 0 5.48783 5.77895 6.07007 
30 - 10 5.83335 6.07105 6.30875 
50 _ 30 -0.83244 -0.59474 -0.35704 
50 - 60 -0.21366 0.02105 0.25576 
50 - 40 1.41764 I.66223 1.90682 
50 - 70 3.40441 3.64211 3.87981 
50 - 20 3.84118 4.08216 4.32314 
50 - 0 4.89309 5.18421 5.47533 
50 - 10 5.23862 5.47632 5.71402 
60 _ 30 -0.85050 -0.61579 -0.38108 
60 - 50 -0.25576 -0.02105 0.21366 
60 - 40 1.39949 1.64118 1.88286 
60 - 70 3.38634 3.62105 3.85576 
60 - 20 3.82308 4.06111 4.29914 
60 - 0 4.87447 5.16316 5.45184 
60 - 10 5.22055 5.45526 5.68997 
40 _ 30 -2.50156 -2,25697 -2.01237 
40 - 50 -1.90682 -1.66223 -1.41764 
40 - 60 -1.88286 -1.64118 -1.39949 
40 - 70 1.73528 1.97988 2.22447 
40 - 20 2.17216 2.41993 2.66771 
40 - 0 3.22521 3.52198 3.81876 
40 - 10 3.56950 3.81409 4.05868 
195 
70 - 30 -4.47454 -4.23684 -3.99914 
70 - 50 -3.87981 -3.64211 -3.40441 
70 - 60 -3.85576 -3.62105 -3.38634 
70 - 40 -2.22447 -1.97988 -1.73528 
70 - 20 0.19908 0.44006 0.68104 
70 - 0 1.25098 1.54211 1.83323 
70 - 10 1.59651 1.83421 2.07191 
20 _ 30 -4.91788 -4.67690 -4.43592 
20 - 50 -4.32314 -4.08216 -3.84118 it* it 
20 - 60 -4.29914 -4.06111 -3.82308 ** * 
20 - 40 -2.66771 -2.41993 -2.17216 
20 - 70 -0.68104 -0.44006 -0.19908 
20 - 0 0.80824 1.10205 1.39585 It** 
20 - 10 1.15317 1.39415 1.63513 * * *  
0 30 -6.07007 -5.77895 -5.48783 * * *  
0 - 50 -5.47533 -5.18421 -4.89309 * * *  
0 - 60 -5.45184 -5.16316 -4.87447 * * *  
0 - 40 -3.81876 -3.52198 -3.22521 * * *  
0 - 70 -1.83323 -1.54211 -1.25098 * * *  
0 - 20 -1.39585 -1.10205 -0.80824 * * *  
0 - 10 0.00098 0.29211 0.58323 * * *  
10 _ 30 -6.30875 -6.07105 -5.83335 * * *  
10 - 50 -5.71402 -5.47632 -5.23862 * * *  
10 - 60 -5.68997 -5.45526 -5.22055 * * *  
10 - 40 -4.05868 -3.81409 -3.56950 * * *  
10 - 70 -2.07191 -1.83421 -1.59651 * * * 
10 - 20 -1.63513 -1.39415 -1.15317 * *  *  
10 - 0 -0.58323 -0.29211 -0.00098 *  *  *  
Level of Level of Y— 
FILLER DENSITY N Mean SD 
0 3 4 41.6000000 0. 35590261 
0 4 5 40.9600000 0. 27928480 
0 5 5 42.3600000 0. 37815341 
0 6 5 41.2400000 0. 11401754 
1 3 32 44.7250000 2. 67846851 
1 4 30 45.3766667 3. 14145621 
1 5 32 44.8125000 2. 88486037 
1 6 35 45.6657143 2 . 97864387 
2 3 34 44.3558824 1. 92356852 
2 4 34 43.9147059 2. 07702181 
2 5 32 44.7468750 2. 29501344 
2 6 33 44.0848485 2. 71743459 
0 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
L. 
D1 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
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Level of 
PERCENT 
0 
10 
20 
30 
40 
50 
60 
70 
10 
20 
30 
40 
50 
60 
70 
N Mean SD 
19 41. 5368421 0. 61572949 
20 40. 5950000 0. 72943742 
16 42. 6187500 0. 52942579 
20 48. 0850000 0. 47713509 
14 48. 3785714 0. 50714673 
19 46. 9736842 0. 76364776 
20 46. 6850000 0. 33759989 
20 43. 2900000 1. 42677406 
18 41. 9666667 0. 48989795 
20 42. 6550000 0. 25848750 
18 46. 4611111 0. 77242086 
20 42. 7350000 0. 86528061 
19 46. 4684211 1. 34124844 
20 46. 7150000 0. 40817308 
18 42. 8444444 2. 20379945 
Level of 
PERCENT Mean SD 
0 4 41. 6000000 0. 35590261 
10 10 42. 0900000 0. 44584502 
20 10 42. 2800000 0. 19888579 
30 10 47. 6200000 0. 43665394 
40 7 44. 3000000 2. 75378527 
50 10 45. 8900000 0. 76077446 
60 10 46. 4000000 0. 35590261 
70 9 42. 9333333 1. 03802697 
0 5 40. 9600000 0. 27928480 
10 10 41. 0100000 1. 11300394 
20 6 42. 6166667 0. 45350487 
30 10 47. 1000000 1. 15950181 
40 10 44. 9800000 3. 57391786 
50 9 45. 8222222 0. 71550293 
60 10 47. 0300000 0. 25407785 
70 9 42. 7888889 0. 18333333 
0 5 42. 3600000 0. 37815341 
10 9 40. 7111111 0. 55552778 
20 10 43. 0500000 0. 17795130 
30 9 47. 2444444 0. 69302076 
40 7 44. 6857143 3. 22925614 
50 9 47. 1555556 0. 69661882 
60 10 46. 7600000 0. 35023801 
70 10 43. 9000000 1. 32497379 
0 5 41. 2400000 0. 11401754 
10 9 41. 1000000 0. 87749644 
20 10 42. 6000000 0. 30184617 
30 9 47. 2888889 1. 59487025 
40 10 45. 9300000 2. 21562632 
50 10 47. 9700000 0. 26687492 
60 10 46. 6100000 0. 21317703 
70 10 42. 6500000 3. 14298160 
0 
0 
0 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
197 
Level of Level of 
DENSITY PERCENT N 
3 0 4 
4 0 5 
5 0 5 
6 0 5 
3 10 5 
3 20 5 
3 30 5 
3 40 2 
3 50 5 
3 50 5 
3 70 5 
4 10 5 
4 20 1 
4 30 5 
4 40 5 
4 50 4 
4 60 5 
4 70 5 
5 10 5 
5 20 5 
5 30 5 
5 40 2 
5 50 5 
5 60 5 
5 70 5 
6 10 5 
6 20 5 
6 30 5 
6 40 5 
6 50 5 
6 60 5 
5 70 5 
3 10 5 
3 20 5 
3 30 5 
3 40 5 
3 50 5 
3 60 5 
3 70 4 
4 10 5 
4 20 5 
4 30 5 
4 40 5 
4 50 5 
4 60 5 
4 70 4 
5 10 4 
5 20 5 
5 30 4 
5 40 5 
5 50 4 
5 60 5 
5 70 5 
6 10 4 
6 20 5 
Y 
Mean SD 
41. 6000000 0. 35590261 
40. 9600000 0. 27928480 
42. 3600000 0. 37815341 
41. 2400000 0. 11401754 
41. 7600000 0. 25099801 
42. 1200000 0. 13038405 
47. 8000000 0. 41833001 
48. 3000000 0. 00000000 
46. 5400000 0. 34351128 
46. 6200000 0. 34928498 
42. 0800000 0. 26832816 
39. 9800000 0. 17888544 
43. 5000000 • 
48. 1600000 0. 28809721 
48. 3600000 0. 32093613 
46. 4750000 0. 20615528 
47. 0800000 0. 13038405 
42. 8000000 0. 23452079 
40. 2600000 0. 11401754 
43. 2000000 0. 10000000 
47. 7800000 0. 29495762 
49. 4000000 0 . 00000000 
46. 6200000 0. 25884358 
46. 5200000 0. 27748874 
42. 6600000 0. 19493589 
40. 3800000 0. 22803509 
42. 3600000 0. 11401754 
48. 6000000 0. 42426407 
48. 0200000 0. 21679483 
48. 1600000 0. 08944272 
46. 5200000 0. 23874673 
45. 6200000 0. 30331502 
42. 4200000 0. 33466401 
42. 4400000 0. 08944272 
47. 4400000 0. 41593269 
42. 7000000 0. 41833001 
45. 2400000 0. 35777088 
46. 1800000 0. 20493902 
44. 0000000 0. 21502469 
42. 0400000 0. 32093613 
42. 4400000 0. 15165751 
46. 0400000 0. 36469165 
41. 6000000 0. 27386128 
45. 3000000 0. 47434165 
46. 9800000 0. 34928498 
42. 7750000 0. 12583057 
41. 2750000 0. 20615528 
42. 9000000 0. 07071068 
46. 5750000 0. 29860788 
42. 8000000 0. 29154759 
47. 8250000 0. 35939764 
47. 0000000 0. 23452079 
45. 1400000 0. 26076810 
42. 0000000 0. 20000000 
42. 8400000 0. 21908902 
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2 6 30 4 45.6500000 0.31091264 
2 6 40 5 43.8400000 0.27928480 
2 6 50 5 47.7800000 0.24899799 
2 6 60 5 46.7000000 0.15811388 
2 6 70 5 39.6800000 0.28635642 
Analysis Variable : Y weight (grains) 
filler type=0 
N Mean Std Dev Minimxim Maximum 
19 41.5368421 0.6157295 40.5000000 42.9000000 
filler type=l 
N Mean Std Dev Minimum Maximum 
129 45.1534884 2.9161738 39.8000000 49.4000000 
filler type=2 
N Mean Std Dev Minimum Maximum 
133 44.2699248 2.2646822 39.3000000 48.1000000 
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Analysis Variable : Y weight (grains) 
focim density {lb/ft3)=3 
N Mean Std Dev Minimum Maximum 
70 44.3671429 2.3455614 41.3000000 48.4000000 
foam density (lb/ft3)=4 
N Mean Std Dev Minimum Maximum 
69 44.3362319 2.7769519 39.8000000 48.7000000 
foam density (lb/ft3)=5 
N Mean Std Dev Minimum Maximum 
69 44.6043478 2.5698154 40.1000000 49.4000000 
foam density (lb/ft3)=6 
N Mean Std Dev Minimum Maximum 
73 44.6479452 2.9879438 39.3000000 49.2000000 
Analysis Variable ; Y weight (grains) 
percent slurry=0 
N Mean Std Dev Minimum Maximum 
19 41.5368421 0.6157295 40.5000000 42.9000000 
percent slurry=10 
N Mean Std Dev Minimum Maximum 
38 41.2447368 0.9301838 39.8000000 43.0000000 
200 
percent slurry=20 
N Mean Std Dev Minimum Maximum 
36 42.6388889 0.3958916 42.0000000 43.5000000 
percent slurry=30 
N Mean Std Dev Minimum Maximum 
38 47.3157895 1.0325844 45.2000000 49.2000000 
percent slurry=40 
N Mean Std Dev Minimum Maximum 
34 45.0588235 2.9121603 41.3000000 49.4000000 
percent slurry=50 
N Mean Std Dev Minimum Maximim 
38 46.7210526 1.1065305 44.7000000 48.3000000 
percent slurry=60 
N Mean Std Dev Minimum Maximum 
40 46.7000000 0.3700312 46.0000000 47.3000000 
percent slurry=70 
N Mean Std Dev Minimum Maximum 
38 43.0789474 1.8241855 39.3000000 45.9000000 
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Piot of RESIDUAL*MEAN. Legend: A = 1 obs, 3 = 2 obs, etc. 
RESIDUAL I 
0 . 6 +  A  A  A A  
1 A A 
I A A 
I  A  A A A  
i 
0.4 + AC C 
I A A A 
I A A A A A A B 
1 A A B B A B A 
I  A A B A A B  A A B  B A  
0.2 + AAB CAB AB 
I  A B A A B C  A A  A B  
1 A A A D AAB AAC A 
I A AC B A C D AA 
I A ABA BCB ABBAEAA 
0.0 + B AA ACA A A A A BC B 
I A AB AA E A AC 
I CAB A AAA A 
I  A  B C  B A C A  
I A BAA B A AAA B A A 
-0.2 + B B C A A CAA A 
1  A A A  A  A  A  A  
1  A  B  A  B  A A A  
I  A A A  A D A  
I A AA B A B A A 
-0.4 + A A A 
I  A  B A A  
I B 
1 A A 
1 
-0.6+ A A 
+ + + + + + +-
38 40 42 44 46 48 50 
MEAN 
NOTE: 19 obs had missing values. 
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Univariate Procedure 
Va riab1e=RESIDUAL 
Moments 
N 281 Sum Wgts 281 
Mean 0 Sum 0 
Std Dev 0 .242925 Variance 0.059013 
Skewness 0 .018386 Kurtosis -0.23887 
USS 16.5235 CSS 16.5235 
CV . Std Mean 0.014492 
T:Mean=0 0 PrXTI 1.0000 
Num '^= 0 281 Num > 0 158 
M{Sign) 17.5 Pr>=|M| 0.0423 
Sgn Rank 367.5 Pr>=|S| 0.7880 
W:Normal 0 .976604 Pr<W 0.0709 
Quantiles(Def=5) 
100% Max 0.6 99% 0.6 
75% Q3 0.15 95% 0.4 
50% Med 0.02 90% 0.3 
25% Q1 -0.18 10% -0.34 
0% Min -0.6 5% -0.38 
1% -0.54 
Range L. 2 
Q3-Q1 0.34 
Mode 1.42E-14 
Extremes 
Lowest Obs Highest Obs 
-0.6 ( 134) 0.56( 118) 
-0. 6 ( 200) 0.58 ( 26) 
-0.54( 109) 0. 6 ( 105) 
-0.525( 209) 0. 6 ( 131) 
-0.5( 101) 0.6( 197) 
Univariate Procedure 
Variable=RESIDUAL 
Missing Value 
Count 19 
h Count/Nobs 6.33 
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Variable=RESIDUAL 
0.625+ 
I 
I 
I 
1 
0.375+ 
Univariate Procedure 
Normal Probability Plot 
* * + +  
* * *  +  
' * *  +  
0.125+ 
-0,125+ 
I 
-0.375+ 
• • • 
•k -tt 
*• 
-it it* 
•0.625++ 
+-
-2 
—+ -f + + 
+1 +2 
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APPENDIX D. SHEAR TEST - RAW DATA SAMPLE 
Mcclianical Property Testing - Data Entry Chart 
Mcclianical Property Test: \ Date: '99-
ID ti Diiiicnsions (in.) Wciglit (g) Fracliire Load Where did (he sample fracliire? Comiiieiils 
IP^O Foam Adhesive Olher 
CI- I ^.005' X 3.5'oo / 7 i .  7 X 
CI- 2 a. 039^/3,^9^ /U. 7 A 
CJ-3 0.', oy/ \ 3. 573 /S3. ^  72 3 A 
Cl-4 ^.oS3> .?, 5?^ 7-5  ^S X 
C/- 5 ci.oo'^ X 3-Sdf /V. 0^ U3 / X KAitr /AJ h)Dol> 
C2- 1 3,0Jo / I7di,7 ) zsj X' 
C2-2 )U8 i37, L- X 
C2-3 2.03% ^  2. 5'/^ 173.. 3 I 3 X .  3  
C2-4 / 3S. / X 
C2-5 ^,0^^ X 3, r^ hl 
C3- I a,OS? X 1-5^5 y rj'/.d X 
C3- 2 , el's X 3. S-/S /^V, L / '/O, ^ x 
C3-3 a, oio-s 3. i'o6' !  ^ l O  X 
C3-4 ^.033 y, 3,506' IS7, 7 / % 3  X 
C3-5 a,0jr/x3. i/?j !'}'>$. 1 IV/.O. A 
C4- 1 17^.1 '] X 
C4-2 :x,072)(%, 9D wn. .2 X 
C4-3 9.,OVZX 5.-5/0 luo. 9 yiS.I X 
C4-4 X 3.530 /.oz X X 
C4-5 2.03 3/3' S'/o 7U. 7 X 
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APPENDIX E. SHEAR STRENGTH TEST - SAS OUTPUT 
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Ol: Shear Test Output with all 300 Observations 
General Linear Models Procedure 
Dependent Variable: Y shear strength (psi) 
Sum of 
Source DF 
Model 
Error 
Corrected Total 
59 
240 
299 
R-Square 
0.990952 
Sc[uares 
918944.985 
8390.276 
927335.261 
C. V. 
4.044537 
Mean 
Square F Value 
15575.339 
34.959 
Root MSE 
5.91265 
445.53 
Pr > F 
0.0001 
Y Mean 
146.189 
Source DF Type I SS Mean Square F Value Pr > F 
FILLER 2 39. 526 19.763 0.57 0.5689 
DENSITY 3 913583. 940 304527.980 8710.88 0.0001 
FILLER*DENSITY 6 297. 029 49.505 1.42 0.2090 
PERCENT 6 203. 302 33.884 0.97 0.4467 
FILLER*PERCENT 6 678. 926 113.154 3.24 0.0045 
DENSITY*PERCENT 18 2186. 350 121.464 3.47 0.0001 
FX LLER* DENSIT* PERCEN 18 1955. 913 108.662 3.11 0.0001 
Source DF Type III SS Mean Square F Value Pr > F 
FILLER 1 21. 729 21.729 0.62 0.4313 
DENSITY 3 739821. 522 246607.174 7054.09 0.0001 
FILLER*DENSITY 3 45. 138 15.046 0.43 0.7314 
PERCENT 6 203. 302 33.884 0.97 0.4467 
FILLER*PERCENT 6 678. 926 113.154 3.24 0.0045 
DENSITY*PERCENT 18 2186. 350 121.464 3.47 0.0001 
FILLER*DENSIT*PERCEN 18 1955. 913 108.662 3,11 0.0001 
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Plot of RESIDUAL*MEAN. 
RESIDUAL 
20 + 
B 
D 
HJC 
IQE 
CGB 
B 
AA 
Legend: A = 1 obs, B = 2 obs, etc. 
0 + 
-20 + 
-40 + 
A 
A 
CB A 
CFKFBB 
CIZSMF 
FKDDB 
BB A 
CB 
A A AA 
FAG 
LBJB 
JBDB 
A B 
A 
A 
A 
-60 + 
I 
+ h H •< 1~ 
50 100 150 200 250 
MEAN 
NOTE: 2 obs hidden. 
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Univariate Procedure 
Va riable=RESIDUAL 
Moments 
N 300 Sum Wgts 300 
Mean 0 Sum 0 
Std Dev 5.297275 Variance 28 .06112 
Skewness -4.05222 Kurtosis 37 .06861 
USS 8390.276 CSS 8390.276 
CV , Std Mean 0. 305838 
T:Mean=0 0 Pr>lTl 1.0000 
Num 0 298 Num > 0 162 
M(Sign) 13 Pr>=|M| 0.1474 
Sgn Rank 2132 Pr>=1S1 0.1525 
W:Normal 0.717106 Pr<W 0.0001 
Quantiles(Def=5) 
100% Max 15.58 99% 14.21 
75% Q3 1.75 95% 5.95 
50% Med 0.23 90% 3. 87 
25% Q1 -1.47 10% -3.36 
0% Min -52.56 5% -5.54 
Range 58.14 
Q3-Q1 3.22 
Mode -3.84 
1% -24.29 
Extremes 
Lowest Obs Highest Obs 
-52. 56{ 260) 13 . 44 ( 256) 
-27. 54( 118) 13 .88( 52) 
-25. 42 ( 54) 14 .54 { 257) 
-23. 16( 25) 15 .24 ( 258) 
-10. 92 ( 78) 15 .58 ( 53) 
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Univariate Procedure 
Variable=RESIDUAL 
17.5+ 
Histogram 
-17.5+ 
-52.5+* 
(. + H 1 + +-
* may represent up to 4 counts 
# 
2 
4 
11 
147 
119 
11 
2 
1 
2 
Boxplot 
•# 
0 
0 
+—+—+ 
+ + 
0 
0 
Univariate Procedure 
Variable=RESIDUAL 
Normal Probability Plot 
17.5+ 
I  + + * * • * +  
I ++++++***•** 
,  * * * . * • * * • * * * * * * * * *  
I  * * * * * * * * * * * * * * * *  
I *****++++++ 
I+++**++ 
-17.5+ 
I * 
I * *  
I 
I 
I 
I 
-52.5+* 
+ + + + + + + + + + + 
-2 -1 0 +1 +2 
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E-2: Shear Test Output with 290 Observations 
General Linear Models Procedure 
Dependent Variable 
Source 
Model 
Error 
Corrected Total 
DF 
59 
230 
289 
R-Square 
0.997638 
shear strength (psi) 
Sum of 
Squares 
869669.164 
2058.852 
871728.016 
C.V. 
2.063681 
Mean 
Square F Value Pr > F 
14740.155 1646.66 0.0001 
8.952 
Root MSE Y Mean 
2.99191 144.979 
Source DF 
FILLER 2 
DENSITY 3 
FILLER*DENSITY 6 
PERCENT 6 
FILLER*PERCENT 6 
DENSITY*PERCENT 18 
FILLER*DENSIT*PERCEN 18 
Source DF 
FILLER 1 
DENSITY 3 
FILLER*DENSITY 3 
PERCENT 6 
FILLER* PERCENT 6 
DENSITY*PERCENT 18 
FILLER*DENSIT*PERCEN 18 
Type I SS Mean Square F Value Pr > F 
177.691 
865687.617 
355.008 
218.640 
595.370 
1059.256 
1575.583 
0.014 
651688.557 
157.754 
227.282 
522.036 
1030.728 
1575.583 
88.845 9.93 
288562.539 32236.12 
59.168 
36.440 
99.228 
58.848 
87.532 
6.61 
4.07 
11.09 
6.57 
9. 78 
Type III SS Mean Square F Value 
0.014 0.00 
217229.519 24267.31 
52.585 5.87 
37.880 4.23 
87.006 9.72 
57.263 6.40 
37.532 9.78 
.0001 
.0001 
.0001 
.0007 
.0001 
.0001 
.0001 
Pr > F 
0.9687 
0.0001 
0.0007 
0.0005 
0.0001 
0.0001 
0.0001 
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Plot of RESIDUAL*MEAN. Legend: A = 1 obs, B = 2 obs, etc. 
RESIDUAL 
10 + 
5 + 
0 + 
-5 + 
A 
AA 
AAA 
BEA 
CC 
BCB 
CC 
EA 
DGA 
AEB 
ABA 
A 
AA 
B 
A 
A 
A 
C 
AAAB 
ADB 
BDAAB 
BDHBBA 
CJDCC 
CEGE 
AAEECA 
HBCB 
CBCA 
BC A 
BCA A 
AA 
A 
AA 
A 
A 
A AA 
C B 
AA 
A B 
EAD 
CAAA 
E CA 
A C 
CAB 
B 
CAAB 
B A 
A 
A 
A A 
- 1 0  +  
—+-
50 100 150 
MEAN 
200 250 
NOTE: 10 obs had missing values. 
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Univariate Procedure 
Variable=RESIDUAL 
Moments 
N 290 Sum Wgts 290 
Mean 0 Sum 0 
Std Dev 2 ,669092 Variance 7.124054 
Skewness -0.47893 Kurtosis 1.100691 
USS 2058.852 CSS 2058.852 
CV , Std Mean 0.156734 
T:Mean=0 0 Pr>|TI 1.0000 
Num "= 0 290 Num > 0 152 
M(Sign) 7 Pr>=|M| 0.4453 
Sgn Rank 926 Pr>=|S| 0.5180 
W:Nonnal 0 .975733 Pr<W 0.0455 
Quantiles(Def=5) 
100% Max 8 99% 6.35 
75% Q3 1.52 95% 4.06 
50% Med 0.14 90% 3.165 
25% Q1 -1.48 10% -3.28 
0% Min -9.26 5% -4.34 
1% -8.55 
Range 17.26 
Q3-Q1 3 
Mode -3.84 
Ext 
Lowest Obs 
-9.26( 5) 
-8.88( 67) 
-8.55( 79) 
-8( 55) 
-7.3( 215) 
Highest Obs 
5.14( 299) 
5.92{ 140) 
6.35( 77) 
6.6( 143) 
8 ( 51) 
Univariate Procedure 
Variable=RESIDUAL 
Missing Value 
Count 10 
% Count/Nobs 3.33 
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Histogram # Boxplot 
8.5+* L 0 
2 0 
2 1 
**** 10 I 
********** 22 ! 
********** 22 1 
* * * * * * * *************** 46 + + 
************************ 49 •—+—* 
-0.5+*********************** 46 1 1 
• •************** 33 + + 
*********** 23 I 
******** 17 I 
5 I 
4 I 
3 0 
2 0 
2 0 
-9.5+* 1 0 
* may represent up to 2 counts 
Variable=RESIDUAL 
8.5+ 
I 
-0.5+ 
Univariate Procedure 
Normal Probability Plot 
+ + * *  
^ *  *  *  *  *  *  
*  *  * *  *  
I ****+ 
1 **•*+ 
I * * * * 
i  + * *  +  
1 ++-(-** 
(+++ *** 
I 
I** 
-9.5+* 
H + + + 1- + + + + + + 
-2 -1 0 +1 +2 
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E-3: Shear Test Final Analysis Output with 286 Observations 
General Linear Models Procedure 
Scheffe's test for variable: Y 
NOTE: This test controls the type I experimentwise error rate but 
generally has a higher type II error rate than Tukey's for 
all pairwxse comparisons. 
Alpha= 0.05 Confidence= 0.95 df= 226 MSE= 7.201898 
Critical Value of F= 2.05026 
Comparisons significant at the 0.05 level are indicated by '***'. 
Simultaneous Simultaneous 
Lower Difference Upper 
PERCENT Confidence Between Confidence 
Comparison Limit Means Limit 
0 - 20 -0.4262 2.4432 5.3127 
0 - 30 -0.3674 2.4769 5.3213 
0 - 40 1.4148 4 .2475 7.0802 *** 
0 - 50 2.0023 4 .8350 7.6677 * * # 
0 - 70 2.8898 5.7225 8.5552 
0 - 10 9.4258 12.3229 15.2200 
0 - 60 11.1615 14 .0444 16.9273 
20 - 0 -5.3127 -2.4432 0.4262 
20 - 30 -2.2995 0.0337 2.3669 
20 - 40 -0.5147 1.8043 4.1232 
20 - 50 0.0728 2.3918 4.7107 
20 - 70 0.9603 3.2793 5.5982 
20 - 10 7.4824 9.8796 12.2768 • tk- ^ 
20 - 60 9.2212 11.6012 13.9812 
30 - 0 -5.3213 -2.4769 0.3674 
30 - 20 -2.3669 -0.0337 2.2995 
30 - 40 -0.5173 1.7706 4.0584 
30 - 50 0.0702 2.3581 4.6459 
30 - 70 0.9577 3.2456 5.5334 
30 - 10 7.4788 9.8459 12.2131 # * •*• 
30 - 60 9.2178 11.5675 13.9173 
40 - 0 -7.0802 -4.2475 -1.4148 ir-irir 
40 - 20 -4.1232 -1.8043 0.5147 
40 - 30 -4.0584 -1,7706 0.5173 
40 - 50 -1.6858 0.5875 2.8608 
40 - 70 -0.7983 1.4750 3.7483 
40 - 10 5.7222 8.0754 10.4285 • • 
40 - 60 7.4613 9.7969 12.1326 
0 
20 
30 
40 
70 
10 
60 
0 
20 
30 
40 
50 
10 
60 
0 
20 
30 
40 
50 
70 
60 
0 
20 
30 
40 
50 
70 
10 
f 
216 
-7.6677 
-4.7107 
-4.6459 
-2.8608 
-1.3858 
5.1347 
6. 8738 
-4.8350 
-2.3918 
-2.3581 
-0.5875 
0.8875 
7.4879 
9.2094 
-2.0023 
-0.0728 
-0.0702 
1.6858 
3.1608 
9.8410 
11.5451 
* ^ 
-8.5552 
-5.5982 
-5.5334 
-3.7483 
-3.1608 
4.2472 
5.9863 
-5. 
-3. 
-3. 
-1. 
-0. 
6 .  
7225 
2793 
2456 
4750 
8875 
6004 
8.3219 
-2.8898 
-0.9603 
-0.9577 
0.7983 
1.3858 
8.9535 
10.6576 
-15.2200 
-12.2768 
-12.2131 
-10.4285 
-9.8410 
-8.9535 
-0.6918 
-12.3229 
-9.8796 
-9.8459 
-8.0754 
-7.4879 
-6.6004 
1.7216 
-9.4258 
-7.4824 
-7.4788 
-5.7222 
-5.1347 
-4.2472 
4.1349 
-16.9273 
-13.9812 
-13.9173 
-12.1326 
-11.5451 
-10.6576 
-4.1349 
-14.0444 
-11.6012 
-11.5675 
-9.7969 
-9.2094 
-8.3219 
-1.7216 
-11.1615 
-9.2212 
-9.2178 
-7.4613 
-6.8738 
-5.9863 
0.6918 
Level of 
DENSITY 
3 
4 
5 
6 
3 
4 
5 
6 
3 
4 
5 
6 
N 
Y— 
Mean SD 
4 78. 875000 2. 31138487 
5 134 . 960000 2. 93904746 
5 138. 140000 2. 69406756 
5 238. 740000 2. 77722883 
34 81. 573529 4. 06457787 
35 132. 651429 3. 88771606 
35 139. 820000 5. 20665863 
31 233. 241935 5. 62404209 
34 80. 135294 2. 25494505 
32 133. 712500 2. 49460709 
35 138. 468571 4. 90526556 
31 235. 183871 5. 54575494 
0 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
L. 
D] 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
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Level of 
PERCENT N 
0 19 
10 15 
20 20 
30 20 
40 20 
50 20 
60 20 
70 20 
10 20 
20 17 
30 19 
40 20 
50 20 
60 16 
70 20 
Level of 
PERCENT N 
0 4 
10 9 
20 9 
30 10 
40 10 
50 10 
60 10 
70 10 
0 5 
10 10 
20 8 
30 9 
40 10 
50 10 
60 10 
70 10 
0 5 
10 10 
20 10 
30 10 
40 10 
50 10 
60 10 
70 10 
0 5 
10 6 
20 10 
30 10 
40 10 
50 10 
60 6 
70 10 
Mean 
151.300000 
127.373333 
148 . 430000 
148.660000 
146.280000 
146.215000 
145.060000 
146.850000 
147.680000 
149.358824 
148.994737 
147.825000 
146.715000 
127.500000 
144.305000 
Mean 
78.875000 
79.522222 
84.133333 
82.110000 
79.150000 
80.100000 
79.800000 
81.360000 
134.960000 
133.590000 
129.312500 
132.077778 
133.310000 
133.810000 
134.360000 
134.770000 
138 .140000 
138.350000 
139.970000 
141.260000 
141.420000 
136.970000 
142.380000 
133.660000 
238.740000 
238.183333 
231.630000 
238.170000 
234.330000 
234 . 980000 
229.300000 
232.520000 
0 
0 
0 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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Level of Level of 
DENSITY PERCENT N 
3 0 4 
4 0 5 
5 0 5 
6 0 5 
3 10 4 
3 20 5 
3 30 5 
3 40 5 
3 50 5 
3 60 5 
3 70 5 
10 5 
20 5 
30 5 
40 5 
50 5 
60 5 
70 5 
5 10 5 
5 20 5 
5 30 5 
5 40 5 
5 50 5 
5 60 5 
5 70 5 
6 10 1 
6 20 5 
6 30 5 
6 40 5 
6 50 5 
6 60 5 
6 70 5 
3 10 5 
3 20 4 
3 30 5 
3 40 5 
3 50 5 
3 60 5 
3 70 5 
4 10 5 
4 20 3 
4 30 4 
4 40 5 
4 50 5 
4 60 5 
4 70 5 
5 10 5 
5 20 5 
5 30 5 
5 40 5 
5 50 5 
5 60 5 
5 70 5 
6 10 5 
6 20 5 
Y 
Mean SD 
78. 875000 2. 31138487 
134. 960000 2. 93904746 
138. 140000 2. 69406756 
238. 740000 2. 77722883 
81. 450000 3. 74655397 
85. 920000 1. 33116490 
83. 340000 3. 10290187 
78. 800000 6. 06341488 
82. 140000 3. 73470213 
77. 980000 2. 64518430 
81. 360000 1. 70675130 
134. 400000 2. 10475652 
127. 520000 3. 48883935 
130. 360000 3. 27230805 
133. 260000 0. 81424812 
132. 680000 3. 48094815 
132. 700000 1. 63859696 
137. 640000 3. 28983282 
139. 900000 0. 62048368 
147. 800000 1. 17686023 
142. 880000 0. 78866977 
141. 340000 1. 53394915 
132. 040000 3. 71591173 
140. 260000 1. 47410990 
134. 520000 2. 11825400 
213. 300000 
232. 480000 2. 81016014 
238 . 060000 2. 42033056 
231. 720000 4. 08741972 
238. 000000 4. 26555975 
229. 300000 1. 72916165 
233. 880000 2. 29934773 
77. 980000 1. 31415372 
81. 900000 1. 66733320 
80. 880000 1. 11220502 
79. 500000 1. 75356779 
78. 060000 3. 05663213 
81. 620000 1. 46526448 
81. 360000 1, 48425065 
132. 780000 2. 36368357 
132. 300000 4 . 44409721 
134. 225000 2. 58118190 
133. 360000 1. 52413910 
134 . 940000 2. 25676760 
136. 020000 1. 24378455 
131. 900000 1. 77763888 
136. 800000 1. 82756669 
132. 140000 2. 64915081 
139. 640000 2. 28757514 
141. 500000 1. 31529464 
141. 900000 2. 95381110 
144. 500000 2. 20454077 
132. 800000 2. 55244980 
243. 160000 3. 10773229 
230. 780000 2. 59364608 
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2 6 30 5 238.280000 4.98116452 
2 6 40 5 236.940000 2.69035314 
2 6 50 5 231.960000 2.93819673 
2 6 60 1 229.300000 
2 6 70 5 231.160000 3.47965516 
Analysis Variable : Y shear strength (psi) 
filler type=0 
N Mean Std Dev Minimum Maximum 
19 151.3000000 58.4625521 75.8000000 241.7000000 
filler type=l 
N Mean Std Dev Minimum Maximum 
135 144.7444444 53.7658032 71.9000000 242.2000000 
filler type=2 
N Mean Std Dev Minimum Maximxom 
132 145.0037879 55.4544905 73.9000000 247.8000000 
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Analysis Variable : Y shear strength (psi) 
foam density (lb/ft3)=3 
N Mean Std Dev Minimum Maximum 
72 80.7444444 3.3123282 71.9000000 87.4000000 
foam density (lb/ft3)=4 
N Mean Std Dev Minimum Maximum 
72 133.2833333 3.3044571 122.0000000 141.2000000 
foam density (lb/ft3)=5 
N Mean Std Dev Minimum Maximum 
75 139.0773333 4.9395145 127.8000000 149.0000000 
foam density (lb/ft3)=6 
N Mean Std Dev Minimum Maximum 
67 234.5507463 5.5809300 213.3000000 247.8000000 
Analysis Variable : Y shear strength (psi) 
percent slurry=0 
N Mean Std Dev Minimum Maximum 
19 151.3000000 58.4625521 75.8000000 241.7000000 
percent slurry=10 
N Mean Std Dev Minimum Maximum 
35 138.9771429 52.0470154 76.6000000 247.8000000 
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percent siurry=20 
N Mean Std Dev Minimum Maximiim 
37 148.8567568 55.5169020 79.4000000 236.4000000 
percent slurry=30 
N Mean Std Dev Minimvim Maximum 
39 148.8230769 57.9831621 79.7000000 244.2000000 
percent slurry=40 
N Mean Std Dev Minimvun Maximum 
40 147.0525000 56.5775573 71.9000000 239.0000000 
percent siurry=50 
N Mean Std Dev Minimum Maximum 
40 146.4650000 56.7593460 73.9000000 241.9000000 
percent slurry=60 
N Mean Std Dev Minimum Maximum 
36 137.2555556 49.1034328 74.0000000 231.4000000 
percent slurry=70 
N Mean Std Dev Minimum Maximum 
40 145.5775000 55.4042000 78.9000000 236.6000000 
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Plot of RESIDUAL^MEAN. Legend: A = 1 obs, B = 2 obs, etc. 
RESIDUAL I 
7.5 + 
5.0 + A A 
I A B A 
I BA A C B 
I A AAAA A A 
I B BBB A 
2.5 + ADA ADA AA 
I B BB AB A A 
I BBA BCEBA DAD 
I FA CHBBA C 
I CB AEBBC BAAB 
0.0 + EA BDFE A DA 
I CBA BDCA A D 
I GA A DCCB A 
I ACA FBBA C A 
I AA AABA AAA 
-2.5 + AB BCA B A 
I B AA A BAAA 
I AA CA A B 
I 8 BA A 
I A A 
-5.0 + A A 
I AA A 
I A 
1 A 
1 A A 
-7.5 + A 
H + + + +— 
50 100 150 200 250 
MEAN 
NOTE: 14 obs had missing values. 
223 
Univariate Procedure 
Variable=RESIDUAL 
Moments 
N 286 Sum Wgts 286 
Mean 0 Sum 0 
Std Dev 2. 389765 Variance 5.710979 
Skewness -0 .30081 Kurtosis 0.297016 
USS 1627.629 CSS 1627.629 
CV , Std Mean 0.14131 
T:Mean=0 0 Pr>|T| 1.0000 
Num 0 286 Num > 0 153 
M(Sign) 10 Pr>=|M| 0.2612 
Sgn Rank 703.5 Pr>=|S| 0.6161 
WtNormal 0. 981315 Pr<W 0.3047 
Quantiles(Def=5) 
100% Max 6.6 
75% Q3 1.46 
50% Med 0.14 
25% Q1 -1.46 
0% Min -7.3 
Range 13.9 
Q3-Q1 2.92 
Mode -3.84 
99% 5.14 
95% 3.86 
90% 3.1 
10% -3.08 
5% -3.98 
1% -6.9 
Extremes 
Lowest Obs 
-7.3( 215) 
-6.92( 175) 
-6.9( 141) 
-6.48( 136) 
-5.8( 142) 
Highest Obs 
4.64( 60) 
4.8( 210) 
5.14( 299) 
5.92( 140) 
6.6( 143) 
Univariate Procedure 
Va ri ab1e=RESIDUAL 
Missing Value 
Count 14 
% Count/Nobs 4 . 67 
Va riable=RESIDUAL 
6.5+ 
-0.5 + 
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Univariate Procedure 
Normal Probability Plot 
I +++* 
I +***•»* 
I +*•* 
I++++•** 
I** * 
-7.5+* 
^ + 1- H (. + + -( + H + 
-2 -1 0 +1 +2 
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APPENDIX F. SHEAR TEST SAMPLE WEIGHT - SAS OUTPUT 
226 
F-1: Shear Test Sample Weight Output with ail 300 Observations 
General Linear Models Procedure 
Dependent Variable; Y 
Source DF 
Model 59 
Error 240 
shear weight (grams) 
Sum of 
Squares 
Corrected Total 299 
R-Square 
0.842527 
64711.0484 
12094.8800 
76805.9284 
C.V. 
4.557993 
Mean 
Square 
1096.7974 
50.3953 
Root MSE 
7.09897 
F Value 
21.76 
Pr > F 
0 . 0 0 0 1  
Y Mean 
155.748 
Source DF Type I SS Mean Square F Value Pr > F 
FILLER 2 2384. 9282 1192.4641 23. 66 0. 0001 
DENSITY 3 5937. 8009 1979.2670 39.27 0. 0001 
FILLER*DENSITY 6 846. 5393 141.0899 2.80 0. 0119 
PERCENT 6 30615. 2912 5102.5485 101.25 0. 0001 
FILLER*PERCENT 6 16497. 5065 2749.5844 54.56 0. 0001 
DENSITY*PERCENT 18 5235. 9042 290.8836 5.77 0. 0001 
FILLER* DENSIT* PERCEN 18 3193. 0781 177.3932 3.52 0. 0001 
Source DF Type III SS Mean Square F Value Pr > F 
FILLER 1 7. 8558 7.8558 0.16 0. 6933 
DENSITY 3 5225. 1087 1741.7029 34.56 0. 0001 
FILLER*DENSITY 3 609. 0047 203.0016 4.03 0. 0080 
PERCENT 6 30615. 2912 5102.5485 101.25 0. 0001 
FILLER*PERCENT 6 16497. 5065 2749.5844 54.56 0. 0001 
DENSITY*PERCENT 18 5235. 9042 290.8836 5.77 0. 0001 
FILLER*DENSIT*PERCEN 18 3193. 0781 177.3932 3.52 0. 0001 
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Plot of RESIDUAL*MEAN. Legend: A = 1 obs, B = 2 obs, etc. 
RESIDUAL I 
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Univariate Procedure 
Variab1e=RESIDUAL 
Moments 
N 300 Sum Wgts 300 
Mean 0 Sum 0 
Std Dev 6.360118 Variance 40.4511 
Skewness 0.528862 Kurtosis 1.322597 
uss 12094.88 CSS 12094.88 
cv , Std Mean 0.367202 
T:Mean=0 0 Pr>|TI 1.0000 
Num '^= 0 299 Num > 0 142 
M(Sign) -7.5 Pr>=|M| 0.4182 
Sgn Rank -1504.5 Pr>=|SI 0.3155 
WrNormal 0.96992 Pr<W 0.0019 
Quantiles(Def=5) 
100% Max 23. 9 99% 17. 27 
75% Q3 2. 64 95% 12. 12 
50% Med -0.31 90% 8. 53 
25% Q1 -3.62 10% -7. 38 
0% Min -20. 1 5% -9. 29 
1% -14 . 16 
Range 44 
Q3-Q1 6.26 
Mode -7.42 
Extremes 
Lowest Obs Highest Obs 
-20.1( 3) 15.2 ( 67) 
-17.4 ( 29) 16.46( 182) 
-14.52 ( 110) 18.08 ( 21) 
-13.8 ( 68) 23. 7 ( 5) 
-13.36( 145) 23. 9 ( 26) 
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Variable=RESIDUAL 
Histogram 
23+' 
1+ 
-21 + 
# 
2 
1 
1 
5 
6 
7 
11 
17 
10 
30 
23 
22 
11 
•tr *• 4 
4 
1 
1 
H 1 H + 1-
may represent up to 2 counts 
Boxplot 
0 
0 
0 
Va ri ah1e=RESIDUAL 
Normal Probability Plot 
23 + 
****+++ 
***+++ 
**++ 
' • *  +  
+ * • * *  
*  
1+ +**•** 
*** + 
****++ 
***++ 
• • • • ^  
+ *+ 
-21+* 
+ 1- + + + + + + H +-
-2 -1 0 +1 +2 
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F-2: Shear Test Sample Weight Output with 281 Observations 
General Linear Models Procedure 
Dependent Variable: Y 
Source 
Model 
Error 
Corrected Total 
shear weight (grams) 
Sum of 
Squares DF 
59 
221 
280 
R-Square 
0.898510 
57796.7426 
6528.3353 
64325.0779 
C. V. 
3.512933 
Mean 
Square 
979.6058 
29.5400 
Root MSE 
5.43507 
F Value 
33.16 
Pr > F 
0.0001 
Y Mean 
154.716 
Source DF 
FILLER 2 
DENSITY 3 
FILLER*DENSITY 6 
PERCENT 6 
FILLER*PERCENT 6 
DENSITY*PERCENT 18 
FILLER*DENSIT*PERCEN 18 
Source DF 
FILLER 1 
DENSITY 3 
FILLER*DENSITY 3 
PERCENT 6 
FILLER*PERCENT 6 
DENSITY*PERCENT 18 
FILLER*DENSIT*PERCEN 18 
Type I SS Mean Square F Value Pr > F 
2214. 
4014 . 
333. 
27193. 
16412. 
4415. 
3212. 
6528 
8067 
1507 
4587 
0699 
9541 
6497 
11.7849 
3406.2266 
582.5683 
26423.1957 
16255.0151 
4183.5963 
3212.6497 
1107.3264 
1338.2689 
55.5251 
4532.2431 
2735.3450 
245.3308 
178.4805 
11.7849 
1135.4089 
194.1894 
4403.8659 
2709.1692 
232.4220 
178.4805 
37.49 
45.30 
1.88 
153.43 
92. 60 
8.31 
6. 04 
Type III SS Mean Square F Value 
0.40 
38. 44 
6.57 
149.08 
91.71 
7.87 
6. 04 
,0001 
,0001 
0854 
0001 
,0001 
,0001 
0001 
Pr > F 
,5283 
,0001 
,0003 
,0001 
,0001 
,0001 
,0001 
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Plot of RESIDUAL*MEAN. Legend: A = 1 obs, B = 2 obs, etc. 
RESIDUAL I 
15 + A 
10 + 
5 + 
A 
A A 
A AA ^ 
A A A 
A A A  A  A  
A AA 
BAB BE 
AA A A B 
A BA A 
A ABAA A 
1 A B BAA AAB A 
1 AAB ABB A AA A AA BA A AA A 
1 CB BAD C A A BAAA 
0 -t- ACC B DBA A A B BABBAAB AABAA A 
1 AA CCB A CA A A BC B 
1 AA C A A A A ABA AABAA A B A 
1 A B A A A A A AB BA AAAAA 
1 AAA A A BAAAA AA AA A 
5 A A A B A AB A B A A 
1 A A AA B BA A 
1 A BA BA A 
1 A B BAAA A 
A A 
-10 + 
-15 -I-
. — —  
120 
— +— 
130 
—+— 
140 
—t-— 
180 150 
MEAN 
160 170 
NOTE; 19 obs had missing values. 
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Univariate Procedure 
Va ri ab1e=RESIDUAL 
Moments 
N 281 Sum Hgts 281 
Mean 0 Sum 0 
Std Dev 4.828611 Variance 23 .31548 
Skewness 0.487637 Kurtosis 0. 169136 
USS 6528.335 CSS 6528.335 
CV . Std Mean 0. 288051 
T:Mean=0 0 Pr>|T| 1.0000 
Num 0 281 Mum > 0 130 
M(Sign) -10.5 Pr>=|M| 0.2328 
Sgn Rank -1156.5 Pr>=|S| 0.3973 
W:Normal 0.9662 Pr<W 0.0003 
Quantiles(Def=5) 
100% Max 14.975 
75% Q3 2.34 
50% Med -0.22 
25% Q1 -3.22 
0% Min -10. 9 
Range 
Q3-Q1 
Mode 
25.875 
5.56 
-568E-16 
99% 13.06667 
95% 8.98 
90% 6.88 
10% -5.72 
5% -7.625 
1% -9.33333 
Extremes 
Lowest Obs Highest Obs 
-10.9( 113) 11.9( 51) 
-9.36( 19) 12.34 ( 16) 
-9.33333( 69) 13.06667( 27) 
-9.025( 62) 13.3 ( 25) 
-8.725( 61) 14.975( 65) 
Univariate Procedure 
Variable=RESIDUAL 
Missing Value 
Count 19 
% Count/Nobs 6.33 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
- 0  
- 1  
- 2  
-3 
-4 
-5 
- 6  
-7 
- 8  
-9 
10 
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Leaf # 
0 1 
13 2 
3 1 
3459 4 
015 3 
00036 5 
0337 4 
01122359 8 
011356899 9 
1333445567 10 
12336 5 
0012355688 10 
00111133347888889 17 
001222444555566777889 21 
000111112222333444455666777777888 33 
97554444333322211100 20 
99876655544443332221111110000 29 
999998874433333222111000 24 
987776666543333222110 21 
765311100 9 
777766654433222110 18 
8866330 7 
98877664330 11 
77741 5 
430 3 
9 1 
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Univariate Procedure 
Va ri able=RESIDUAL 
15.5+ 
Normal Probability Plot 
2.5-t-
* + 
'* ++ 
++ 
•*++ 
•++ 
*** +  
'* +  
*•*• + 
* •* 
+ * • >  
*• 
••++ 
* * ++ 
•10.5+* ++ 
H 1 
- 2  
h-
- 1  
—+-
+ 1 
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Shear Test Sample Weight Output with 111 Observations 
General Linear Models Procedure 
Scheffe's test for variable: Y 
NOTE: This test controls the type I experimentwise error rate but 
generally has a higher type II error rate than Tukey's for 
all pairwise comparisons. 
Alpha= 0.05 Confidence= 0.95 df= 217 MSE= 25.56235 
Critical Value of F= 2.05196 
Comparisons significant at the 0.05 level are indicated by •***'. 
Simultaneous Simultaneous 
Lower Difference Upper 
PERCENT Confidence Between Confidence 
Comparison Limit Means Limit 
30 — 0 -5.395 0.220 5.834 
30 - 50 -1.560 2. 865 7.291 
30 - 20 -0.514 4. 004 8.522 
30 - 10 0.672 5. 190 9.708 
30 - 60 10.938 15.308 19.679 
30 - 70 15.703 20.073 24.444 
30 - 40 25.206 29.724 34.242 
0 _ 30 -5.834 -0.220 5.395 
0 - 50 -2. 945 2. 646 8.237 
0 - 20 -L.880 3.785 9.449 
0 - 10 -0.694 4. 970 10.635 
0 - 60 9.541 15.089 20.637 * 
0 - 70 14.306 19.854 25.402 
0 - 40 23.840 29.505 35.169 tb- « # 
50 _ 30 -7.291 -2.865 1.560 
50 - 0 -8.237 -2.646 2. 945 
50 - 20 -3.350 1.139 5.628 
50 - 10 -2.165 2. 325 6. 814 
50 - 60 8.102 12.443 16.784 •*' 1^  •*-
50 - 70 12.867 17.208 21.549 •k ir-tr 
50 - 40 22.370 26.859 31.348 it** 
20 30 -8.522 -4.004 0.514 
20 - 0 -9.449 -3.785 1. 880 
20 - 50 -5.628 -1.139 3.350 
20 - 10 -3.395 1.186 5.766 
20 - 60 6.869 11.304 15.739 * * *  
20 - 70 11.634 16.069 20.504 * * *  
20 - 40 21.139 25.720 30.301 *** 
30 
0 
50 
20 
60 
70 
40 
30 
0 
50 
20 
10 
70 
40 
30 
0 
50 
20 
10 
60 
40 
30 
0 
50 
20 
10  
60 
70 
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-9.708 
-10.635 
-6.814 
-5.766 
5. 684 
10.449 
19.954 
-19.679 
-20.637 
-16.784 
-15.739 
-14.554 
0.480 
9.981 
-24.444 
-25.402 
-21.549 
-20.504 
-19.319 
-9.050 
5.216 
-34.242 
-35.169 
-31.348 
-30.301 
-29.115 
-18.851 
-14.086 
-5.190 
-4.970 
-2.325 
-1.186 
10.119 
14.884 
24.534 
-15.308 
-15.089 
-12.443 
-11.304 
-10.119 
4.765 
14.416 
-20.073 
-19.854 
-17.208 
-16.069 
-14.884 
-4.765 
9.651 
-29.724 
-29.505 
-26.859 
-25.720 
-24.534 
-14.416 
-9.651 
0.694 
2.165 
3.395 
14.554 
19.319 
29.115 
-10.938 
-9.541 
-8.102 
-6.869 
-5.684 
9.050 
18.851 
-15.703 
-14.306 
-12.867 
-11.634 
-10.449 
-0.480 
14.086 
-25.206 
-23.840 
-22.370 
-21.139 
-19.954 
-9.981 
-5.216 
Level of 
DENSITY 
3 
4 
5 
6 
3 
4 
5 
6 
3 
4 
5 
6 
N 
Y— 
Mean SD 
3 172. 100000 4 . 8041649 
5 169. 780000 4 . 3711555 
5 155. 680000 3. 5632850 
4 163. 475000 5. 3903463 
27 156. 588889 16. 4313100 
35 157. 300000 17. 2808633 
35 150. 245714 16. 3561347 
34 152. 576471 14. 4458667 
26 157. 738462 13. 5684067 
34 157. 182353 15. 7675053 
34 149. 282353 12. 6647081 
35 150. 157143 11. 1792688 
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Level  of  ijevex oc 
FILLER PERCENT N Mean SD 
0 0 17 164.558824 7.7714267 
1 10 18 156.061111 11.4273222 
1 20 17 159.229412 6.7648692 
1 30 20 166.385000 8.7862497 
1 40 17 128.729412 3.4920919 
1 50 19 167.931579 5.6258385 
1 60 20 163.835000 6.4424803 
1 70 20 134.005000 3.4318132 
2 10 17 163.323529 7.4019026 
2 20 18 162.233333 9.1729782 
2 30 17 162.888235 6.3193040 
2 40 18 141.027778 12.3320150 
2 50 19 155.894737 10.3238383 
2 60 20 135.105000 1.6139116 
2 70 20 155.405000 11.5004107 
bevex or Level  of  
DENSITY PERCENT N Mean SD 
3 0 3 172.100000 4.8041649 
3 10 5 165.200000 7.0420168 
3 20 6 162.733333 13.6960822 
3 30 7 173.442857 5.5683203 
3 40 6 147.866667 15.5873881 
3 50 9 158.666667 7.4454684 
3 60 10 150.410000 16.2919510 
3 70 10 149.330000 15.9771399 
4 0 5 169.780000 4.3711555 
4 10 10 166.870000 4 .  8435639 
4 20 10 163.750000 6.  3791762 
4 30 10 165.660000 8.4745632 
4 40 9 130.077778 4.7806322 
4 50 10 170.100000 6.6674999 
4 60 10 149.960000 17.7341604 
4 70 10 151.560000 16.7134809 
5 0 5 155.680000 3.5632850 
5 10 10 148.880000 9.2744332 
5 20 10 160.920000 5.9871715 
5 30 10 159.990000 4.7526484 
5 40 10 128.360000 2.4989776 
5 50 9 163.944444 6.3387915 
5 60 10 148.060000 14.8327116 
5 70 10 139.660000 10.5827113 
6 0 4 163.475000 5.3903463 
6 10 10 160.210000 7.7157055 
6 20 9 156.000000 6.1016391 
6 30 10 162.620000 6.4395997 
6 40 10 138.540000 9.8401897 
6 50 10 154 .  820000 12.4463114 
6 60 10 149.450000 14.3823387 
6 70 10 138.270000 4.0061203 
0 
0 
0 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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Level  of  Level  of  
DENSITY PERCENT N 
3 0 3 
4 0 5 
5 0 5 
6 0 4 
3 10 3 
3 20 3 
3 30 5 
3 40 2 
3 50 4 
3 60 5 
3 70 5 
10 5 
20 5 
30 5 
40 5 
50 5 
60 5 
70 5 
5 10 5 
5 20 5 
5 30 5 
5 40 5 
5 50 5 
5 60 5 
5 70 5 
6 10 5 
6 20 4 
6 30 5 
6 40 5 
6 50 5 
6 60 5 
6 70 5 
3 10 2 
3 20 3 
3 30 2 
3 40 4 
3 50 5 
3 60 5 
3 70 5 
10 5 
20 5 
30 5 
40 4 
50 5 
60 5 
70 5 
5 10 5 
5 20 5 
5 30 5 
5 40 5 
5 50 4 
5 60 5 
5 70 5 
6 10 5 
6 20 5 
Y 
Mean SD 
172.  100000 4.  8041649 
169.  780000 4.  3711555 
155.  680000 3.  5632850 
163.  475000 5.  3903463 
160.  266667 2.  4946610 
152.  533333 6.  7278030 
175.  740000 4.  8397314 
128.  900000 2.  1213203 
163.  725000 6.  1059397 
165.  120000 7.  3380515 
134.  500000 2.  5980762 
167.  960000 5.  0505445 
159.  320000 4.  3395852 
169.  900000 7.  9981248 
128.  880000 5.  2280015 
172.  740000 4.  7019145 
165.  900000 8.  4237759 
136.  400000 4.  2379240 
141.  200000 2.  4698178 
162.  640000 7.  4861873 
159.  940000 4.  9048955 
127.  660000 3.  3381132 
168 .  500000 2.  7910571 
161.  780000 4.  8777044 
130.  000000 0.  6442049 
156.  500000 7.  3287107 
159.  875000 7.  0191999 
159.  960000 5.  1843997 
129.  580000 2.  6080644 
165.  920000 5.  7014910 
162.  540000 5.  8123145 
135.  120000 1.  3179530 
172.  600000 1.  8384776 
172.  933333 10.  5628279 
167.  700000 0.  0000000 
157.  350000 6.  6113539 
154.  620000 6.  0705848 
135.  700000 1.  5508062 
164.  160000 4.  2169894 
165.  780000 4.  9302130 
168.  180000 4.  8648741 
161.  420000 7.  2578923 
131.  575000 4.  3729281 
167.  460000 7.  7777246 
134.  020000 1.  2070626 
166.  720000 5.  9993333 
156.  560000 6.  3228158 
159.  200000 4.  1490963 
160.  040000 5 _ 1728135 
129.  060000 1.  2973049 
158 .  250000 4.  3516280 
134.  340000 0.  7956130 
149.  320000 4.  2757455 
163.  920000 6.  7695642 
152.  900000 3.  2372828 
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2 6 30 5 165.280000 6.  9811890 
2 6 40 5 147.500000 3.2186954 
2 6 50 5 143.720000 2.8314307 
2 6 60 5 136.360000 1.8063776 
2 6 70 5 141.420000 3.0930567 
Analysis  Variable :  Y shear weight (grains)  
f i l ler type=0 
N Mean Std Dev Minimvim Maximvun 
17 164.5588235 7.7714267 151.6000000 175.9000000 
f i l ler type=l 
N Mean Std Dev Minimum Maximum 
131 154.0427481 16.2384777 123.3000000 180.8000000 
f i l ler type=2 
N Mean Std Dev Minimum Maximum 
129 153.3062016 13.7693656 126.4000000 184.4000000 
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Analysis  Variable :  Y shear weight (grams) 
foam density ( lb/ft3)=3 
N Mean Std Dev Minimiom Maximum 
56 157.9535714 14.9667749 127.4000000 184.4000000 
foam density ( lb/ft3)=4 
N Mean Std Dev Minimiam Maximum 
74 158.0891892 16.2038349 123.3000000 179.6000000 
foam density ( lb/ft3)=5 
N Mean Std Dev Minimum Maximum 
74 150.1702703 14.1510417 124.1000000 174.0000000 
foam density ( lb/ft3)=6 
N Mean Std Dev Minimum Maximum 
73 152.0136986 12.8450954 125.8000000 174.3000000 
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Analysis  Variable :  Y shear weight (grams) 
percent slurry=0 
N Mean Std Dev Minimvim Maximum 
17 164.5588235 7.7714267 151.6000000 175.9000000 
percent slurry=10 
N Mean Std Dev Minimum Maximum 
35 159.5885714 10.2292191 138.4000000 174.1000000 
percent slurry=20 
N Mean Std Dev Minimum Maximum 
35 160.7742857 8.1195966 148.5000000 184.4000000 
percent slurry=30 
N Mean Std Dev Minimum Maximum 
37 164.7783784 7.8493855 152.7000000 180.8000000 
percent slurry=40 
N Mean Std Dev Minimum Maximum 
35 135.0542857 10.9850257 123.3000000 162.9000000 
percent slurry=50 
N Mean Std Dev Minimum Maximum 
38 161.9131579 10.2199902 140.3000000 179.6000000 
percent slurry=60 
N Mean Std Dev Minimum Maximtom 
40 149.4700000 15.2687245 132.9000000 177.2000000 
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percent slurry=70 
N Mean 
40 144.7050000 
Std Dev Minimum Maximum 
13.6966204 129.0000000 175.7000000 
Plot of  RESIDUAL*MEAN. Legend: A = 1 obs,  3 = 2  obs,  etc.  
RESIDUAL I 
15 + 
10 + 
• 1 0  +  
-15 + 
1 
1 A 
1 A 
1 A 
5 + 
1 A A 
1 A B 
1 AAB ABB A 
1 CB BAD C A 
0 + ACC B DBA A A 
1 AA CCB A 
1 AA C A 
1 A B A A 
1 AAA A 
5 + A A 
1 A 
—+— 
120 
CA 
A 
A 
A 
A A 
A 
A 
A 
A 
AA 
A A 
AA 
B B 
A B 
ABA A 
ABAA 
AA A B 
AA B A 
BAAA 
BABBAAB A BAA 
A BD B 
ABB AAB A A 
A AB BB AAAAA 
BAB 
AA A 
A 
A 
BA A 
AA A 
BAAAA 
A B 
A AA 
A 
A B 
AA AA 
A B A  
A A AA 
BA BA 
BAAA 
A 
AA 
A 
A 
A 
B 
A 
A 
—+— 
130 140 150 
MEAN 
-—I-— 
160 
•  - + —  
170 180 
NOTE: 23 obs had missing values.  
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Univariate Procedure 
Variafale=RESIDUAL 
Moments 
N 277 Sum Wgts 277 
Mean 0 Sum 0 
Std Dev 4 .483072 Variance 20.09793 
Skewness 0 .370433 Kurtosis  -0.08409 
USS 5547.03 CSS 5547.03 
CV . Std Mean 0.269362 
T:Mean=0 0 PrXTl 1.0000 
Num •^= 0  276 Num > 0 128 
M(Sign) -10 Pr>=|M| 0.2527 
Sgn Rank -940.5 Pr>=|Sl  0.4796 
WrNoritial  0  .967944 Pr<W 0.0011 
Quantiles(Def=5) 
100% Max 11.9 99% 11.36 
75% Q3 2.28 95% 8.32 
50% Med -0.22 90% 6.78 
25% Q1 -3.02 10% -5.58 
0% Min -10.9 5% -7.34 
1% -8.72 
Range 22.8 
Q3-Q1 5.3 
Mode -6.64 
Extremes 
Lowest Obs 
-10.9(  113) 
-9.33333{ 69) 
-8.72( 222) 
-8.72( 120) 
-8.36( 199) 
Highest  Obs 
10.54( 197) 
11.3(  233) 
11.36( 81) 
11.46667( 66) 
11.9(  51) 
Univariate Procedure 
Variable=RESIDUAL 
Missing Value 
Count 23 
% Count/Nobs 7 .  67 
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Variable=RESIDUAL 
Univariate Procedure 
11.5+ 
0.5+ 
Normal Probabil ity Plot 
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APPENDIX G. PEEL (ADHESION) TEST - RAW DATA SAMPLE 
Mechanical Property Testing - Data Entry Chart 
Mcclinnical Property Test: P-<uJl r Date: 
11)^ Diiiiciisions (in.) Weigh! (g) Fracturc Load HM Where did the sample 1 "racture? Comments 
Foam Adhesive Other 
CI- I ) J - JO 
C I - 2  K o S . S  :> - U 
C I - 3  / ii) ^ - J/ 
C I - 4  Z - 7 
C I - 5  i? - 2 
C2- 1 )  7 / .  3 - // 
C2- 2 )  /! .  3 'I ' 3 
C2-3 y ? 
- // 
C2- 4 m. 0 3 - /'5' 
C2-5 }(^o. i i 
C3- 1 1^7. 7 
- 1/ 
C3- 2 I S S .  3 ^ 
C3-3 i s h ,  ' )  - 3 
C3-4 o 1 
C3-5 5 
C4- 1 / L y y y - V/ 
C4-2 / i.-S, .2 / / 
C 4 - 3  ? - iT' 
C 4 - 4  /5 /, ^ ;> -  /  
C 4 - 5  y ' / 
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APPENDIX H. PEEL (ADHESION) STRENGTH TEST - SAS OUTPUT 
248 
H-1: Ped (Adhesion) Test Output with all 300 Observations 
General Linear Models Procedure 
Dependent Variable:  Y peel  strength (pounds) 
Sum of  Mean 
Source DF Squares Square F Value Pr > F 
Model 59 57.6311979 0.9768000 8.12 0.0001 
Error 240 28.3562500 0.1202344 
Corrected Total  299 86.4874479 
R-Square C. V. Root MSE Y Mean 
0.  666353 8.779364 0.34675 3.94958 
Source DF Type I  SS Mean Square F Value Pr > F 
FILLER 2 11.2339881 5.6169940 46.72 0.0001 
DENSITY 3 8.2181771 2.7393924 22.78 0.0001 
FILLER*DENSITY 6 1.6971131 0.2828522 2.35 0.0316 
PERCENT 6 11.6017299 1.9336217 16.08 0.0001 
FILLER*PERCENT 6 5.7275112 0.9545852 7.94 0.0001 
DENSITY* PERCENT 18 11.0955915 0.6164218 5.13 0.0001 
FILLER*DENSIT*PERCEN 18 8.0570871 0.4476159 3.72 0.0001 
Source DF Type III  SS Mean Square F Value Pr > F 
FILLER 1 10.2701451 10.2701451 85.42 0.0001 
DENSITY 3 6.7534119 2.2511373 18.72 0.0001 
FILLER*DENSITY 3 0.8390067 0.2796689 2.33 0.0754 
PERCENT 6 11.6017299 1.9336217 16.08 0.0001 
FILLER*PERCENT 6 5.7275112 0.9545852 7.94 0.0001 
DENSITY* PERCENT 18 11.0955915 0.6164218 5.13 0.0001 
FILLER*DENSIT*PERCEN 18 8.0570871 0.4476159 3.  72 0.0001 
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Plot of  RESIDUAL*MEAN. Legend: A = 1 obs,  B = 2 obs,  etc.  
RESIDUAL I 
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i AA C A AABBEEACCA B B BA 
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1 
1 A A 
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250 
Univariate Procedure 
Variable=RESIDUAL 
Moments 
N 300 Sum Wgts 300 
Mean 0 Slim 0 
Std Dev 0.310659 Variance 0.  096509 
Skewness -0.13464 Kurtosis  1.  317355 
uss 28.85625 CSS 28 .85625 
cv Std Mean 0.  017936 
T:Mean=0 0 Pr>lTl 1.0000 
Num 0 297 Num > 0 152 
M(Sign) 3.5 Pr>=|M| 0.7278 
Sgn Rank -211.5 Pr>=|S|  0.8867 
H:Nonnal 0.98108 Pr<W 0.2726 
Quantiles(Def=5) 
100% Max 0 .9125 99% 0.  825 
75% Q3 0.  18125 95% 0.50625 
50% Med 0 .0125 90% 0.3875 
25% Q1 -0.2 10% -0.35 
0% Min -1.225 5% -0.44375 
1% -0.875 
Range 2 .  1375 
Q3-Q1 0.  38125 
Mode 0.05 
Extremes 
Lowest Obs Highest  Obs 
-1.225( 13) 0.  7375 ( 289) 
-1.125( 258) 0.  8125 ( 142) 
-0.8875 ( 211) 0.  8375 ( 223) 
-0.8625( 19) 0.  9 ( 196) 
-0.85( 277) 0.  9125 ( 190) 
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Variable=RESIDUAL 
Histogram 
*ir 
it'kir'ir 
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H-2: Peel (Adhesion) Test Output with 287 Observations 
General Linear Models Procedure 
Dependent Variable:  Y peel  strength (pounds) 
Sum of  Mean 
Source DF Squares Square F Value Pr > F 
Model 59 57.2336809 0.9700624 13.43 0.0001 
Error 227 16.3945313 0.0722226 
Corrected Total  286 73.6282121 
R-Square C.V. Root MSE Y Mean 
0.  777334 6.815786 0.26874 3.94294 
Source DF Type I  SS Mean Square F Value Pr > F 
FILLER 2 8.6974058 4.3487029 60.21 0.0001 
DENSITY 3 10.8621588 3.6207196 50.13 0.0001 
FILLER*DENSITY 6 1.  0727089 0.1787848 2.48 0.0244 
PERCENT 6 10.7193694 1.7865616 24.74 0.0001 
FILLER*PERCENT 6 6.  9560594 1.1593432 16.05 0.0001 
DENSITY* PERCENT 18 10.3368535 0.5742696 7.95 0.0001 
FILLER*DENSIT*PERCEN 18 8.5891251 0.4771736 6.  61 0.0001 
Source DF Type III  SS Mean Square F Value Pr > F 
FILLER 1 8.9578532 8.9578532 124.03 0.0001 
DENSITY 3 9.8911482 3.2970494 45.65 0.0001 
FILLER*DENSITY 3 0.8660759 0.2886920 4.  00 0.0084 
PERCENT 6 11.0610931 1.8435155 25.53 0.0001 
FILLER*PERCENT 6 6.8115572 1.1352595 15.72 0.0001 
DENSITY*PERCENT 18 9.9698807 0.5538823 7.  67 0.0001 
FILLER*DENSIT*PERCEN 18 3.5891251 0.4771736 6.  61 0.0001 
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Plot of  RESIDUAL*MEAN. Legend: A = 1 obs,  B = 2 obs,  etc.  
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NOTE: 13 obs had missing values.  
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Univariate Procedure 
Variab1e=RESIDUAL 
Moments 
K 287 Sum Wgts 287 
Mean 0 Sum 0 
Std Dev 0,  239423 Variance 0.057324 
Skevmess 0 .14672 Kurtosis  -0.24838 
USS 16 .39453 CSS 16.39453 
CV , Std Mean 0.014133 
T:Mean=0 0 Pr>|T|  1.0000 
Num '^= 0 287 Num > 0 144 
M(Sign) 0.5 Pr>=IMl 1.0000 
Sgn Rank -419 Pr>=lSI 0.7665 
WrNormal 0 .  977522 Pr<W 0.0947 
Quantiles(Def=5) 
100% Max 0.6125 99% 0.  5375 
75% Q3 0.1625 95% 0.  4375 
50% Med 1.33E-15 90% 0.35 
25% Q1 -0.1625 10% -0.3 
0% Min -0.6125 5% -0.4 
Range 1.225 
Q3-Q1 0.325 
Mode 0.05 
1% -0.5625 
Extremes 
Lowest Obs Highest  Obs 
-0.6125( 108) 0.525( 134) 
-0.5625( 24) 0.525( 105) 
-0.5625( 272) 0.5375( 253} 
-0.5 ( 154) 0.6(  174) 
-0.5(  153) 0.6125( 229) 
Univariate Procedure 
Variable=RESIDUAL 
Missing Value 
Count 13 
% Count/Nobs 4.33 
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5 
2 5555688999 10 I 
2  001111122223444 15 I 
1 5666667788899 13 + + 
1 000000000000112444 18 I I 
0 555555555556888888888888889999 30 I 1 
0 0000111122222222234444444 25 *—+—* 
-0 44332222222211 14 I I 
-0 99999999888888866666555555 26 1 1 
-1 4444422222111110000 19 I I 
-1 9999987766666555555 19 + + 
-2 44422222221111000000 20 I 
-2 99888877766655 14 I 
+ + + + + + 
Multiply Stem.Leaf by 10**-1 
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Va riab1e=RESIDUAL 
0.625+ 
Normal Probabil ity Plot 
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H-3: Peel (Adhesion) Test Final Analysis Output with 284 Observations 
General Linear Models Procedure 
Scheffe's  test  for variable:  Y 
NOTE: This test  controls  the type I  experimentwise error rate but 
generally has a higher type II  error rate than Tukey's for 
al l  pairwise comparisons.  
Alpha= 0.05 Confidence= 0.95 df= 224 MSE= 0.066994 
Critical  Value of  F= 2.05062 
Comparisons s ignificant at  the 0.05 level  are indicated by •***' .  
Simultaneous Simultaneous 
Lower Difference Upper 
PERCENT Confidence Between Confident 
Comparison Limit Means Limit 
70 60 -0.06223 0.16584 0.39392 
70 - 50 0.05098 0.27747 0.50396 
70 - 10 0.19937 0.42434 0.64932 
70 - 0 0.16477 0.44536 0.72595 
70 - 30 0.22958 0.45310 0.67663 
70 - 40 0.24213 0.46711 0.69208 
70 - 20 0.39735 0.61949 0.84163 
60 _ 70 -0.39392 -0.16584 0.06223 
60 - 50 -0.11794 0.11163 0.34120 
60 - 10 0.03042 0.25850 0.48658 
60 - 0 -0.00357 0.27951 0.56260 
60 - 30 0.06061 0.28726 0.51391 
60 - 40 0.07318 0.30126 0.52934 
60 - 20 0.22836 0.45365 0.67893 
50 70 -0.50396 -0.27747 -0.05098 
50 - 60 -0.34120 -0.11163 0.11794 
50 - 10 -0.07962 0.14687 0.37336 
50 - 0 -0.11392 0.16789 0.44969 
50 - 30 -0.04942 0,17563 0.40068 
50 - 40 -0.03686 0.18963 0.41612 
50 - 20 0.11834 0.34202 0.56570 
10 70 -0.64932 -0.42434 -0.19937 
10 - 60 -0.48658 -0.25850 -0.03042 
10 - 50 -0.37336 -0.14687 0.07962 
10 - 0 -0.25958 0.02102 0.30161 
10 - 30 -0.19477 0.02876 0.25229 
10 - 40 -0.18221 0.04276 0.26774 
10 - 20 -0.02700 0.19515 0.41729 
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0 -  70 
0 - 60 
0 -  50 
0 - 10 
0 -  30 
0 -  40 
0 - 20 
30 -  70 
30 -  60 
30 -  50 
30 -  10 
30 -  0 
30 -  40 
30 -  20 
40 -  70 
40 -  60 
40 -  50 
40 -  10 
40 -  0 
40 -  30 
40 -  20 
20 -  70 
20 - 60 
20 -  50 
20 - 10 
20 - 0 
20 -  30 
20 -  40 
-0.72595 
-0.56260 
-0.44969 
-0.30161 
-0.27169 
-0.25885 
-0.10420 
-0.67663 
-0.51391 
-0.40068 
-0.25229 
-0.28718 
-0.20953 
-0.05429 
-0.69208 
-0.52934 
-0.41612 
-0.26774 
-0.30234 
-0.23753 
-0.06976 
-0.84163 
-0.67893 
-0.56570 
-0.41729 
-0.45246 
-0.38707 
-0.37453 
-0.44536 
-0.27951 
-0.16789 
-0.02102 
0.00775 
0.02175 
0.17413 
-0.45310 
-0.28726 
-0.17563 
-0.02876 
-0.00775 
0.01400 
0.16639 
-0.46711 
-0.30126 
-0.18963 
-0.04276 
-0.02175 
-0.01400 
0.15238 
-0.61949 
-0.45365 
-0.34202 
-0.19515 
-0.17413 
-0.16639 
-0.15238 
-0.16477 *** 
0.00357 
0.11392 
0.25958 
0.28718 
0.30234 
0.  45246 
-0.22958 *** 
-0.06061 *** 
0.04942 
0.19477 
0.27169 
0.23753 
0.38707 
-0.24213 *•* 
-0.07318 *** 
0.03686 
0.18221 
0.25885 
0.20953 
0.37453 
-0.39735 *** 
-0.22836 •** 
-0.11834 
0.02700 
0.10420 
0.05429 
0.06976 
Level  of  Level  of  
FILLER DENSITY N Mean SD 
0 3 5 3 .60000000 0.12960276 
0 4 5 3 .82500000 0.23551805 
0 5 4 3 .71875000 0.18042196 
0 6 4 4 .32812500 0.26207803 
1 3 33 3 .53219697 0.46090339 
1 4 35 3 .74107143 0.39387045 
1 5 35 3 .85892857 0.34378103 
1 6 32 3 .94140625 0.36819686 
2 3 31 3 .83064516 0.49270553 
2 4 33 4 .10037879 0.47776217 
2 5 33 4 .08901515 0.51039734 
2 6 34 4 .48529412 0.49977713 
Level  of  Level  of  
FILLER PERCENT N 
0 0 18 
1 10 19 
1 20 20 
1 30 20 
1 40 18 
1 50 19 
1 60 19 
1 70 20 
2 10 19 
2 20 20 
2 30 19 
2 40 20 
2 50 18 
2 60 17 
2 70 18 
Level  of  Level  of  
DENSITY PERCENT N 
3 0 5 
3 10 9 
3 20 10 
3 30 9 
3 40 9 
3 50 9 
3 60 8 
3 70 10 
4 0 5 
4 10 10 
4 20 10 
4 30 10 
4 40 10 
4 50 9 
4 60 10 
4 70 9 
5 0 4 
5 10 10 
5 20 10 
5 30 10 
5 40 10 
5 50 10 
5 60 9 
5 70 9 
6 0 4 
6 10 9 
6 20 10 
6 30 10 
6 40 9 
6 50 9 
6 60 9 
6 70 10 
Mean SD 
.85069444 0.  33358217 
.94407895 0.  30963600 
.65312500 0.  34973851 
.54062500 0.  29751921 
.39236111 0.  32779171 
.81578947 0.  43823038 
.82565789 0 .  35817520 
.18125000 0.  33498085 
.79934211 0.  40213134 
.70000000 0 .  64430705 
.16118421 0.  29041083 
.22187500 0.  40731137 
.23263889 0.  50539623 
.47058824 0.  65293719 
.42361111 0.  34403768 
Mean SD 
.60000000 0,  12960276 
.64583333 0.  31093357 
.20625000 0.  14746115 
.68055556 0.  42325520 
.06250000 0.  74739130 
.34722222 0.  25979091 
.59375000 0.  19479843 
.18750000 0.  26352314 
.82500000 0.  23551805 
.98125000 0 .  26195380 
.55000000 0.  35453412 
.01875000 0.  46496154 
.  54375000 0.  50522444 
.10416667 0.  33511892 
.10000000 0.  50449370 
.15277778 0.  44095855 
.71875000 0.  18042196 
.75625000 0.  35532898 
.68125000 0.  22525063 
.86875000 0.  40122425 
.66875000 0.  30625709 
.35625000 0.  44687379 
.16666667 0.  32325251 
.35416667 0.  39774756 
.32812500 0.  26207803 
.10416667 0.  37238673 
.26875000 0.  53444708 
.78750000 0.  41373972 
.09027778 0.  46257507 
.22916667 0.  25194555 
,60416667 0.  80039053 
.48125000 0.25353405 
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3 
3 
3 
3 
3 
3 
3 
4 
3 
3 
4 
4 
4 
4 
4 
3 
3 
3 
3 
4 
3 
3 
4 
3 
3 
3 
4 
3 
4 
4 
4 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
0 
0 
0 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Level  of  Level  of  
DENSITY PERCENT N 
3 0 5 
4 0 5 
5 0 4 
6 0 4 
3 10 5 
3 20 5 
3 30 5 
3 40 4 
3 50 5 
3 60 4 
3 70 5 
10 5 
20 5 
30 5 
40 5 
50 5 
60 5 
70 5 
5 10 5 
5 20 5 
5 30 5 
5 40 5 
5 50 5 
5 60 5 
5 70 5 
6 10 4 
6 20 5 
6 30 5 
6 40 4 
6 50 4 
6 60 5 
6 70 5 
3 10 4 
3 20 5 
3 30 4 
3 40 5 
3 50 4 
3 60 4 
3 70 5 
4 10 5 
4 20 5 
4 30 5 
4 40 5 
4 50 4 
4 60 5 
4 70 4 
5 10 5 
5 20 5 
5 30 5 
5 40 5 
5 50 5 
5 60 4 
5 70 4 
6 10 5 
6 20 5 
Mean SD 
.60000000 0.  12960276 
.  82500000 0.  23551805 
.71875000 0.  18042196 
.  32812500 0.  26207803 
.  75000000 0.  37759519 
.  15000000 0.  16886570 
.  41250000 0.  35520681 
.29687500 0.  11831059 
.  18750000 0.  23385359 
.51562500 0.  07864411 
.36250000 0.  08149003 
.08750000 0.  30809394 
.83750000 0.  15687375 
.63750000 0.  32295027 
.18750000 0.  46770717 
.  88750000 0.  14252193 
.67500000 0.  29114537 
.  87500000 0.  39774756 
.  02500000 0.  25995793 
.77500000 0.  21009670 
.  57500000 0.  16177724 
.  43750000 0.  21194781 
.  98750000 0.  10269798 
.  08750000 0.  39676426 
.  12500000 0.  33657280 
.90625000 0.  24206146 
.85000000 0.  24044230 
.53750000 0.  36066345 
.68750000 0.  20412415 
.29687500 0.  11831059 
.  96250000 0.  31124749 
.  36250000 0.  22707378 
.51562500 0.  16437223 
.26250000 0.  11180340 
.01562500 0.  20009763 
.67500000 0.  22707378 
.54687500 0.  10673907 
.67187500 0.  25706172 
.01250000 0.  27027185 
.87500000 0.  17677670 
.26250000 0.  22707378 
.40000000 0 .  13693064 
.90000000 0.  19565595 
.37500000 0 .  31040968 
.52500000 0.  19059938 
.50000000 0.  13501543 
.  48750000 0.  18957189 
.  58750000 0.  21919597 
.  16250000 0.  34686092 
.90000000 0.  18006075 
.72500000 0.  31436941 
.26562500 0.  21271435 
.64062500 0.  27183309 
.26250000 0.  40359711 
.68750000 0.  38273277 
3 
3 
3 
4 
3 
3 
3 
3 
3 
3 
4 
4 
3 
3 
3 
3 
3 
3 
4 
3 
3 
3 
3 
4 
4 
3 
3 
3 
3 
4 
3 
4 
3 
3 
4 
4 
3 
3 
4 
3 
3 
4 
3 
4 
4 
4 
3 
3 
4 
3 
4 
4 
4 
4 
4 
261 
2 6 30 5 4.03750000 0.31436941 
2 6 40 5 4.41250000 0.32355448 
2 6 50 5 4.17500000 0.32894243 
2 6 60 4 5.40625000 0.18750000 
2 6 70 5 4.60000000 0.24044230 
Analysis  Variable :  Y peel  strength (pounds) 
f i l ler type=0 
N Mean Std Dev Minimum Maximum 
18 3.8506944 0.3335822 3.4375000 4.6875000 
f i l ler type=l 
N Mean Std Dev Minimum Maximum 
135 3.7680556 0.4179303 2.6875000 4.6250000 
f i l ler type=2 
N Mean Std Dev Minimum Maximum 
131 4.1335878 0.5429157 3.0000000 5.6250000 
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Analysis  Variable :  Y peel  strength (pounds) 
foam density ( lb/ft3)=3 
N Mean Std Dev Minimum Maximum 
69 3.6711957 0.4789518 2.8750000 5.0625000 
foam density ( lb/ft3)=4 
N Mean Std Dev Minimvim Maximum 
73 3.9092466 0.4569156 2.6875000 4.8125000 
foam density ( lb/ft3)=5 
N Mean Std Dev Minimiun Maximimi 
72 3.9565972 0.4375175 3.1875000 5.1875000 
foam density ( lb/ft3)=6 
N Mean Std Dev Minimum Maximum 
70 4.2276786 0.5046249 3.1875000 5.6250000 
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Analysis  Variable :  Y peel  strength (pounds) 
percent slurry=0 
N Mean Std Dev Minimum Maximum 
18 3.8506944 0.3335822 3.4375000 4.6875000 
percent slurry=10 
N Mean Std Dev Minimum Maximum 
38 3.8717105 0.3615106 3.1875000 4.7500000 
percent slurry=20 
N Mean Std Dev Minimum Maximum 
40 3.6765625 0.5122473 2.8750000 5.1250000 
percent slurry=30 
N Mean Std Dev Minimum Maximum 
39 3.8429487 0.4277273 3.0000000 4.6250000 
percent slurry=40 
N Mean Std Dev Minimum Maximum 
38 3.8289474 0.5574443 2.6875000 5.0625000 
percent slurry=50 
N Mean Std Dev Minimvim Maximum 
37 4.0185811 0.5111315 3.0000000 5.1875000 
percent slurry=60 
N Mean Std Dev Minimum Maximum 
36 4.1302083 0.6062132 3.2500000 5.6250000 
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percent slurry=70 
N Mean Std Dev Minimum Maximum 
38 4.2960526 0.3564335 3.3125000 5.0000000 
Plot of  RESIDUAL*MEAN. Legend: A = 1 obs,  B = 2 obs,  etc.  
RESIDUAL I 
0 . 6  +  
I  A A A  A  
I A AA A A A 
1  A A A  
0.4 + AAA A 
I A A ABA A A A A A 
I A A A A A 
I A A B AA A 
I BB AA A A A AA 
0.2 + A AAA BBAA 
I A AH AC B A 
I A AA AB C AAA A C 
I B AAB A B A A B C A 
I  A D  A  D B A A B  C A  B A A A  
0.0 -I- A CAA ABA A A AAB A A 
I A AAA AA A A B A AA A 
I  A B A  A D D B C B A  A A A  A  
I  A A  A A B A A  A A B A  
I A AAB A A AAA A AAA 
-0.2 + BA AAA ABC A B AA 
1 AA A AA A B C A 
I  A A  A A A A A A  A A A A A  
I A AA B A A 
1 A B 
-0.4 + A AB A A 
I A A A 
1 B A 
I 
I A A 
- 0 . 6  +  
3.0 3.5 4.0 4.5 5.0 5.5 
MEAN 
NOTE: 16 obs had missing values.  
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Univariate Procedure 
Variab1e=RESIDUAL 
Moments 
N 284 Sum Wgts 284 
Mean 0 Sum 0 
Std Dev 0. 230276 Variance 0.053027 
Skewness 0. 134506 Kurtosis -0.36284 
USS 15 .00664 CSS 15.00664 
CV Std Mean 0.013664 
r:Mean=0 0 Pr>|T| l.OOOO 
Num 0 283 Num > 0 138 
M(Sign) -3.5 Pr>=|M| 0.7214 
Sgn Rank -407 Pr>=|Sl 0.7683 
W:Normal 0 . 97312 Pr<W 0.0151 
Quantiles(Def=5) 
100% Max 0.5375 99% 
75% Q3 0.15625 95% 
50% Med -155E-17 90% 
25% Q1 -0.1625 10% 
0% Min -0.5625 5% 
Range 1.1 
Q3-Q1 0.31875 
Mode 0.0375 
0.525 
0.3875 
0.328125 
-0.275 
-0.375 
1% -0.5 
Extremes 
Lowest Obs Highest Obs 
-0.5625( 272) 0.4875{ 112) 
-0.5625{ 24) 0.5( 155) 
-0.5( 154) 0.525( 105) 
-0.5 ( 153) 0.525( 134) 
-0.4625( 35) 0.5375( 253) 
Univariate Procedure 
Variable=RESIDUAL 
Missing Value 
Count 16 
% Count/Nobs 5.33 
Variable=RESIDUAL 
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Univariate Procedure 
0.525+ 
-0.025+ 
Normal Probability Plot 
# 
# W ^  ^ 
**++ 
# • • ^  
• • * 
r 
* • • 
# 4 r  #  
* **+ 
++ 
-0.575+*+ 
+ 1 H 1- +-
-2 -1 0 +1 +2 
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APPENDIX L PEEL (ADHESION) TEST SAMPLE WEIGHT - SAS OUTPUT 
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I-l: Peel (Adhesion) Test Sample Weight Output with all 300 Observations 
General Linear Models Procedure 
Dependent Variable: Y peel weight (grams) 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
Model 59 8521.93797 144.43963 7.05 0.0001 
Error 240 4919.77600 20.49907 
Corrected Total 299 13441.71397 
R-Square C. V. Root MSE Y Mean 
0. 633992 2.816010 4.52759 160.780 
Source DF Type I SS Mean Square F Value Pr > F 
FILLER 2 238.20775 119.10388 5.81 0.0034 
DENSITY 3 248.07450 82.69150 4.03 0.0080 
FILLER*DENSITY 6 957.90543 159.65090 7.79 0.0001 
PERCENT 6 2847.54800 474.59133 23.15 0.0001 
FILLER*PERCENT 6 450.09871 75.01645 3.66 0.0017 
DENSITY* PERCENT 18 1812.11257 100.67292 4.91 0.0001 
FILLER*DENSIT*PERCEN 18 1967.99100 109.33283 5.33 0.0001 
Source DF Type III SS Mean Square F Value Pr > F 
FILLER 1 56.79004 56.79004 2.77 0.0973 
DENSITY 3 254.29222 84.76407 4.14 0.0070 
FILLER*DENSITY 3 235.26525 78.42175 3.83 0.0105 
PERCENT 6 2847.54800 474.59133 23.15 0.0001 
FILLER* PERCENT 6 450.09871 75.01645 3.66 0.0017 
DENSITY*PERCENT 18 1812.11257 100.67292 4.91 0.0001 
FILLER*DENSIT*PERCEN 18 1967.99100 109.33283 5.33 0.0001 
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Plot of RESIDUAL*MEAN. Legend: A = I obs, B = 2 obs, etc. 
RESIDUAL I 
15 + 
I 
10 + A A 
I AA A 
I A 
I C A A A A A A 
I A A 
5 + A B ABA AAA A 
1 A AB BAAAAA AA B AAC AAA BA 
I A A B AB BA A A ABA BA BBBA B 
i B A A AC A AA BBA A AA B A 
I B SB BB A DCC AAAC CBA A 
0 + A C A AA DAABBAABB D AB AC A A 
1 B ABCAAAB BA A D B A 
1  A  A B B B C D B B A  A A  
I  B A A C A B A A  A A  
i  A  A A A B A  A A A  B A  
-5 + A A AD A AAA AA B A AAA 
I  A A A A A A A A  A  A  
I  A A A B A  
I A AA A A 
-10 
-15 -t-
B A 
A 
A 
+ + + + + +— 
145 150 155 160 165 170 175 
MEAN 
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Univariate Procedure 
Va ri ab1e=RESIDUAL 
Moments 
N 300 Sum Wgts 300 
Mean 0 Sum 0 
Std Dev 4.056365 Variance 16.4541 
Skewness -0.1654 Kurtosis 0 .158102 
USS 4919.776 CSS 4919.776 
CV , Std Mean 0 .234194 
T:Mean=0 0 Pr>|T| 1.0000 
Num 0 300 Num > 0 161 
M(Sign) 11 Pr>=|M| 0.2253 
Sgn Rank 638 Pr>=lSI 0.6721 
W:Normal 0.984955 Pr<W 0.6103 
Quantiles(Def=5) 
100% Max 13.5 99% 9.47 
75% Q3 2.81 95% 6.55 
50% Med 0.27 90% 4.53 
25% Q1 -2.67 10% -5.45 
0% Min -12.02 5% -6.91 
1% -9.32 
Range 25.52 
Q3-(21 5.48 
Mode -2.14 
Extremes 
Lowest Obs Highest Obs 
-12.02( 273) 8.88( 239) 
-11.48( 41) 9.4 ( 184) 
-9.42( 173) 9.54 ( 16) 
-9.22( 10) 9. 68 { 240) 
-9.06( 263) 13.5( 46) 
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Univariate Procedure 
Variable=RESIDUAL 
Stem Leaf # Boxplot 
13 5 10
12 
11 
10 
9 457 3 
8 99 2 
7 00059 5 
6 356689 6 
5 012338 6 
4 001111222233333456677788 24 
3 000122333334445567789999 24 
2 0122234444556666677788999 25 + + 
1 00000111112223333444455556666677999 35 I | 
0 001112222233334444555667777899 30 •—+—* 
-0 9888766666666555444432222111100 31 | | 
-1 9888777765433322110 19 | I 
-2 88777774332211111000 20 + + 
-3 877653221000 12 
-4 99988765443321100 17 
-5 8666554443222210 16 
-6 9977433221 10 
-7 86644 5 
-8 651 3 
-9 4210 4 
-10 
-11 5 10 
- 1 2  0  1 0  
Va riable=RESIDUAL 
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Univariate Procedure 
13.5+ 
0.5 + 
Normal Probability Plot 
+ 
+*' 
++* 
++*•* 
h * *• 
**** 
** + 
+ *** 
+ *** 
* * *  
-12.5+" 
-+-
- 2  
-+  + -
- 1  + 1 +2 
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1-2: Peel (Adhesion) Test Sample Weight Output with 286 Observations 
General Linear Models Procedure 
Dependent Variable: Y peel weight (grams) 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
Model 59 8848.15778 149.96878 10.36 0.0001 
Error 226 3272.93400 14.48201 
Corrected Total 285 12121.09178 
R-Square C.V. Root MSE Y Mean 
0. 729980 2.365421 3.80552 160.881 
Source DF Type I SS Mean Square F Value Pr > F 
FILLER 2 280.70104 140.35052 9.69 0.0001 
DENSITY 3 252.53200 84.17733 5.81 0.0008 
FILLER*DENSITY 6 1010.25358 168.37560 11.63 0.0001 
PERCENT 6 3099.69396 516.61566 35.67 0.0001 
FILLER*PERCENT 6 536.48061 89.41344 6.17 0.0001 
DENSITY*PERCENT 18 1671.57962 92.86553 6.41 0.0001 
FILLER*DENSIT*PERCEN 18 1996.91697 110.93983 7.66 0.0001 
Source DF Type III SS Mean Square F Value Pr > F 
FILLER 1 15.49769 15.49769 1.07 0.3020 
DENSITY 3 217.15046 72.38349 5.00 0.0022 
FILLER*DENSITY 3 287.62393 95.87464 6.62 0.0003 
PERCENT 6 3009.07638 501.51273 34.63 0.0001 
FILLER*PERCENT 6 584.30276 97.38379 6.72 0.0001 
DENSITY*PERCENT 18 1673.93087 92.99616 6.42 0.0001 
FILLER*DENSIT*PERCEN 18 1996.91697 110.93983 7.66 0.0001 
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Plot of RESIDUAL*MEAN. Legend: A = 1 obs, B = 2 obs, etc. 
RESIDUAL 
10 + 
3 
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5 + A B AAA 
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A A B A AAA AAB B AA 
A B AA A A AB B BBA B 
B  A B A A  A B A A  A  A A  
A B B  B B B  A B A B  A A  C  A  
B A A  B  A A A A B  
A  B A  A C B B B A C A A  A B  A A  
A A A BA EDB AB AA A B A B 
A A A A A B A A B  A  A A  
0 + 
-5 + 
B 
A 
A 
A 
A A 
A A 
B A B  
A AC A 
A AA 
B A 
AC 
A A 
A 
A A 
A 
A 
A 
A A 
 B  A 
AB A  
AA B C A A 
BA C A   
A   A   
C D AA AA 
B A 
A A A 
A A 
AAA A B 
A A 
A A A 
A 
B 
B 
A 
AA 
B 
A 
A 
A 
A 
-10 + 
•—I— 
150 145 155 160 
MEAN 
165 170 175 
NOTE: 14 obs had missing values. 
275 
Univariate Procedure 
Variable=RESIDUAL 
Moments 
N 286 Sum Wgts 286 
Mean 0 Sum 0 
Std Dev 3. 388802 Variance 11.48398 
Skewness -0 .09577 Kurtosis -0.42808 
uss 3272.934 CSS 3272.934 
cv . Std Mean 0.200384 
T;Mean=0 0 Pr>IT| 1.0000 
Num 0 286 Num > 0 145 
M(Sign) 2 Pr>=|M| 0.8592 
Sgn Rank 235 Pr>=|S| 0.8670 
W:Normal 0. 974588 Pr<W 0.0290 
Quantiles{Def=5) 
100% Max 8.466667 
75% Q3 2.54 
50% Med 0.12 
25% Q1 -2.14 
0% Min -8.1 
Range 16.56667 
Q3-Q1 4.68 
Mode -4.36 
99% 7.46 
95% 5.2 
90% 4.24 
10% -4.94 
5% -5.6 
1% -7.58 
Extremes 
Lowest Obs 
-B.K 255) 
-7.76( 144) 
-7.58( 81) 
-7.44( 282) 
-7.42( 216) 
Highest Obs 
6.98( 219) 
6.98( 26) 
7.46( 201) 
7.94( 137) 
8.466667( 47) 
Univariate Procedure 
Variable=RESIDUAL 
Missing Value 
Count 14 
% Count/Nobs 4.67 
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stem Leaf # Boxplot 
8 5 1 
7 00059 5 
6 12569 5 
5 012358 6 
4 0011122233334677788 19 
3 0002233333444556679999 22 
2 002223344444556666677788999 27 + + 
1 000011111222233444555566666799 30 I 1 
0 011122222233334445556677788999 30 *__+—* 
-0 9999888887666666665555444444322222111100 40 I I 
-1 9888877776555433322110 22 I I 
-2 88777774332211111000 20 + 
-3 877665322221000 15 
-1 3988765443321100 16 
-5 8665543222222210 16 
-6 9733322 7 
-7 8644 4 
-8 1 1 
Univariate Procedure 
Variab1e=RESIDUAL 
Normal Probability Plot 
8.5+ 
+++* 
+** 
it it 
-8.5+*+ 
+ +-
- 2  -1 
-+ + +-
0 +1 
- - +  +  
+2 
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Peel (Adhesion) Test Sample Weight Output with 284 Observations 
General Linear Models Procedure 
Scheffe's test for variable: Y 
NOTE: This test controls the type I experimentwise error rate but 
generally has a higher type II error rate than Tukey's for 
all pairvise comparisons. 
Alpha= 0.05 Confidence= 0.95 df= 224 MSE= 13.76516 
Critical Value of F= 2.05062 
Comparisons significant at the 0.05 level are indicated by •***'. 
Simultaneous Simultaneous 
Lower Difference Upper 
PERCENT Confidence Between Confidence 
Comparison Limit Means Limit 
70 — 0 -1.1974 2.9042 7.0057 
70 - 60 2.4065 5.6530 8.8995 
70 - 30 3.6002 6.7845 9.9687 
70 - 10 3.7535 7.0228 10.2921 
70 - 50 4.2199 7.4447 10.6696 
70 - 40 4.5199 7.7447 10.9696 
70 0 9.3277 12.5120 15.6962 
0 — 70 -7.0057 -2.9042 1.1974 
0 - 60 -1.3698 2.7488 6.8674 
0 - 30 -0.1894 3.8803 7.9500 
0 - 10 -0.0180 4.1186 8.2552 
0 - 50 0.4390 4.5406 8.6421 
0 - 40 0.7390 4.8406 8.9421 
0 - 20 5.5381 9.6078 13.6775 
60 _ 70 -8.8995 -5.6530 -2.4065 
60 - 0 -6.8674 -2.7488 1.3698 
60 - 30 -2.0748 1.1315 4.3377 
60 - 10 -1.9209 1.3698 4.6605 
60 - 50 -1.4548 1.7917 5.0383 
60 - 40 -1.1548 2.0917 5.3383 
60 - 20 3.6527 6.8590 10.0652 
30 70 -9.9687 -6.7845 -3.6002 
30 - 0 -7.9500 -3.8803 0.1894 
30 - 60 -4.3377 -1.1315 2.0748 
30 - 10 -2.9910 0.2383 3.4676 
30 - 50 -2.5240 0.6603 3.8445 
30 - 40 -2.2240 0.9603 4.1445 
30 - 20 2.5843 5.7275 8.8707 
70 
0 
60 
30 
50 
40 
20 
70 
0 
60 
30 
10 
40 
20 
70 
0 
60 
30 
10 
50 
20 
70 
0 
60 
30 
10 
50 
40 
f 
278 
-10.2921 
-8.2552 
-4.6605 
-3.4676 
-2.8474 
-2.5474 
2.2599 
-10.6696 
-8.6421 
-5.0383 
-3.8445 
-3.6912 
-2.9248 
1.8830 
-10.9696 
-8.9421 
-5.3383 
-4.1445 
-3.9912 
-3.5248 
1.5830 
-15.6962 
-13.6775 
-10.0652 
-8.8707 
-8.7185 
-8.2515 
-7.9515 
-7.0228 
-4.1186 
-1.3698 
-0.2383 
0.4219 
0.7219 
5.4892 
-7.4447 
-4.5406 
-1.7917 
-0.6603 
-0.4219 
0.3000 
5.0672 
-7.7447 
-4.8406 
-2.0917 
-0.9603 
-0.7219 
-0.3000 
4.7672 
-12.5120 
-9.6078 
-6.8590 
-5.7275 
-5.4892 
-5.0672 
-4.7672 
0.0180 
1.9209 
2.9910 
3.6912 
3.9912 
8.7185 *** 
-4.2199 *** 
-0.4390 *** 
1.4548 
2.5240 
2.8474 
3.5248 
8.2515 *** 
-4.5199 *** 
-0.7390 *•** 
1.1S48 
2.2240 
2.5474 
2.9248 
7.9515 *** 
-9.3277 *** 
-5.5381 
-3.6527 **• 
-2.5843 *** 
-2.2599 *** 
-1.8830 
-1.5830 *** 
Level of Y 
DENSITY N Mean SD 
3 5 169.020000 3.68944440 
4 4 171,925000 1.33260397 
5 5 158.260000 3.23310996 
6 3 157.666667 5.35941539 
3 33 158.575758 6.62136836 
4 34 159.800000 6.68290447 
5 34 159.682353 5.95887271 
6 32 163.300000 6.83189862 
3 35 162.554286 5.41155316 
4 33 159.121212 4.16171221 
5 31 160.270968 6.90208633 
6 35 161.871429 7.37769179 
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Level of 
FILLER 
2 
2 
2 
2 
2 
2 
2 
Level of Y— 
PERCENT N Mean SD 
0 17 164.535294 7 . 14343590 
10 19 162.147368 7. 10206296 
20 20 154.435000 5. 89649985 
30 20 159.355000 3. 22791688 
40 18 156.755556 4. 58786407 
50 19 159.221053 4. 86627612 
60 19 163.421053 6. 45106184 
70 18 167.366667 5. 42608081 
10 17 158.482353 5. 55407905 
20 20 155.420000 3. 98729561 
30 20 161.955000 6. 23576062 
40 20 162.340000 3. 65231001 
50 19 160.768421 5. 60892668 
60 18 160.061111 5. 31558628 
70 20 167.505000 5. 57942414 
Level of 
DENSITY 
3 
3 
3 
3 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
ueve J. o I. 
PERCENT N Mean SD 
0 5 169.020000 3. 68944440 
10 10 158.260000 6. 54729800 
20 10 153.720000 3. 14458971 
30 10 159.670000 2. 68537190 
40 10 162.310000 5. 41037070 
50 9 157.833333 4. 31595876 
60 10 167.960000 4 . 50017284 
70 9 164.744444 5. 02421912 
0 4 171.925000 1. 33260397 
10 10 160.230000 2. 97248493 
20 10 152.610000 5. 67439669 
30 10 159.950000 4. 78545249 
40 10 157.400000 4. 61904271 
50 10 162.340000 3. 08516162 
60 8 159.800000 6. 16951028 
70 9 164.500000 3. 23573794 
0 5 158.260000 3. 23310996 
10 6 161.800000 7. 48491817 
20 10 154.300000 4 . 84011019 
30 10 164.190000 6. 30157829 
40 10 157.440000 3. 20111092 
50 9 157.233333 4 . 26936763 
60 10 158.400000 4. 28200368 
70 10 166.840000 4. 80097212 
0 3 157.666667 5. 35941539 
10 10 161.930000 8. 78952028 
20 10 159.080000 3. 91714182 
30 10 158.810000 4 . 74117894 
40 8 162.112500 4. 47802173 
50 10 162.080000 6. 87682097 
60 9 160.455556 4. 70029550 
70 10 173.110000 3. 81151763 
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Level of Level of Level of 
FILLER DENSITY PERCENT 
0 3 0 
0 4 0 
0 5 0 
0 6 0 
3 10 
3 20 
3 30 
3 40 
3 50 
3 60 
3 70 
4 10 
4 20 
4 30 
4 40 
4 50 
4 60 
4 70 
5 10 
5 20 
5 30 
5 40 
5 50 
5 60 
5 70 
6 10 
6 20 
6 30 
6 40 
6 50 
6 60 
6 70 
2 3 10 
2 3 20 
2 3 30 
2 3 40 
2 3 50 
2 3 60 
2 3 70 
2 4 10 
2 4 20 
2 4 30 
2 4 40 
2 4 50 
2 4 60 
2 4 70 
2 5 10 
2 5 20 
2 5 30 
2 5 40 
2 5 50 
2 5 60 
2 5 70 
2 6 10 
2 6 20 
Y 
Mean SD 
169. 020000 3. 68944440 
171. 925000 1. 33260397 
158. 260000 3. 23310996 
157. 666667 5. 35941539 
154. 100000 4 . 44522215 
151. 280000 1. 68433963 
158. 000000 1. 90918831 
158. 560000 4 . 55609482 
157. 950000 5. 21120587 
169. 960000 4. 90744333 
160. 425000 1. 40801278 
159. 140000 2. 93223464 
148. 860000 4 . 61280826 
163. 640000 2. 19157478 
154. 860000 5. 12864505 
163. 000000 3. 41540627 
163. 920000 3. 13001597 
166. 525000 3. 20039060 
166. 550000 1. 56737573 
156. 980000 4 . 56201710 
159. 220000 1. 36455121 
154. 960000 1. 77566889 
157. 840000 5. 79680947 
155. 260000 2. 46536001 
168. 340000 4. 33278202 
169. 680000 3. 76988063 
160. 620000 3. 60790798 
156. 560000 2. 03666394 
159. 900000 6. 20241888 
157. 840000 4 . 08570679 
164. 825000 3. 33304165 
172. 620000 3. 55133778 
162. 420000 5. 78160877 
156. 160000 2. 12790977 
161, 340000 2. 36812162 
166. 060000 3. 15404502 
157. 740000 4 . 10645833 
165. 960000 3. 38865755 
168. 200000 3. 92619409 
161. 320000 2. 88305394 
156. 360000 4 . 00162467 
156. 260000 3. 56131998 
159. 940000 2. 36072023 
161. 680000 2. 94312759 
152. 933333 0. 68068593 
162. 880000 2. 42425246 
152. 300000 1. 41421356 
151. 620000 3. 73389877 
169. 160000 5. 07277045 
159. 920000 2. 12767479 
156. 475000 1. 55643824 
161. 540000 3. 24468797 
165. 340000 5. 24051524 
154. 180000 3. 07522357 
157. 540000 3. 94689752 
N 
5 
4 
5 
3 
5 
5 
5 
5 
4 
5 
4 
5 
5 
5 
5 
5 
5 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
3 
5 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
3 
5 
2 
5 
5 
5 
4 
5 
5 
5 
5 
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2 6 30 5 161.060000 5.81145421 
2 6 40 5 163.440000 3.15958858 
2 6 50 5 166.320000 6.69081460 
2 6 60 5 156.960000 1.21983605 
2 6 70 5 173.600000 4.41304883 
Analysis Variable : Y peel weight (grams) 
filler type=0 
N Mean Std Dev Minimum Maximum 
17 164.5352941 7.1434359 152.5000000 173.9000000 
filler type=l 
N Mean Std Dev Minimvim Maximum 
133 160.3082707 6.6873019 143.8000000 176.5000000 
filler type=2 
N Mean Std Dev Minimum Maximum 
134 161.0022388 6.1764830 145.4000000 178.8000000 
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Analysis Variable : Y peel weight (grains) 
foam density (lb/ft3)=3 
N Mean Std Dev Minimum Maximum 
73 161.1986301 6.5088720 148.5000000 176.5000000 
foam density (lb/ft3)=4 
N Mean Std Dev Minimum Maximum 
71 160.1676056 6.1261215 143.8000000 173.9000000 
foam density (lb/ft3)=5 
N Mean Std Dev Minimum Maximum 
70 159.8414286 6.2110582 145.4000000 176.1000000 
foam density (lb/ft3)=6 
N Mean Std Dev Minimum Maximiim 
70 162.3442857 7.0789469 151.5000000 178.8000000 
Analysis Variable : Y peel weight (grams) 
percent slurry=0 — 
N Mean Std Dev Minimum Maximum 
17 164.5352941 7.1434359 152.5000000 173.9000000 
percent slurry=10 
N Mean Std Dev Minimum Maximum 
36 160.4166667 6.5943482 148.5000000 173.6000000 
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percent slurry=20 
N Mean Std Dev Minimvim Maximum 
40 154.9275000 4.9932769 143.8000000 165.6000000 
percent slurry=30 
N Mean Std Dev Minimum Maximum 
40 160.6550000 5.0747717 151.9000000 176.1000000 
percent slurry=40 
N Mean Std Dev Minimum Maximum 
38 159.6947368 4.9503452 148.7000000 169.6000000 
percent slurry=50 
N Mean Std Dev Minimum Maximum 
38 159.9947368 5.2383176 152.5000000 173.3000000 
percent slurry=60 
N Mean Std Dev Minimum Maximiun 
37 161.7864865 6.0868329 151.2000000 176.5000000 
percent slurry=70 
N Mean Std Dev Minimum Maximum 
38 167.4394737 5.4330589 158.9000000 178.8000000 
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Plot of RES I DUAL* MEAN. Legend: A = 1 obs, B = 2 obs, etc. 
RESIDUAL I 
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Univariate Procedure 
Variable=RESIDUAL 
Moments 
N 284 Sum Wgts 284 
Mean 0 Sum 0 
Std Dev 3.300816 Variance 10.89539 
Skewness -0.11763 Kurtosis -0.4549 
uss 3083.395 CSS 3083.395 
cv Std Mean 0.195867 
T:Mean=0 0 Pr>|T| 1.0000 
Mum 0 284 Num > 0 144 
M{Sign) 2 Pr>=|M| 0.8587 
Sgn Rank 291.5 Pr>=|S| 0.8338 
W:Normal 0.972124 Pr<W 0.0092 
Quantiles(Def=5) 
100% Max 7. 94 
75% Q3 2. 44 
50% Med 0. 12 
25% Q1 -2. 14 
0% Min -7 . 76 
Range 15.7 
Q3-Q1 4.58 
Mode -0.06 
99% 6.98 
95% 4.98 
90% 4.16 
10% -4.84 
5% -5.5 
1% -7.44 
Extremes 
Lowest Obs 
-7.76{ 144) 
-7.58( 81) 
-7.44( 282) 
-7.42( 216) 
-6.92( 217) 
Highest Obs 
6.96( 212) 
6.98( 219) 
6.98( 26) 
7.46( 201) 
7.94( 137) 
Univariate Procedure 
Variab1e=RESIDUAL 
Missing Value 
Count 16 
% Count/Nobs 5.33 
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Univariate Procedure 
Va riab1e=RESIDUAL 
Normal Probability Plot 
7.5+ +++* 
I  • * * * •  *  
I +** 
4.5+ ***** 
I  * ** * 
( # ^ 
1.5 + 
I 
I 
-1.5+ * '* «• 
+ *** 
-4.5+ ++ 
I **•** 
-7.5+**+* 
+ + + + + + + + + + + 
-2 -1 0 +1 +2 
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